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PREFACE. 



In the Creation op a State Geological Survey, after some 

s made of the causes leading up to the iaauguration of 

k Survey, a copy of the law is theo given. This law is modeled 

r that of older states where geological surveys have been in 

I, and emphasizes Che economic rather than any other 

ude of geology. Some mention is also made of the organization 

I the Board of Geological Survey and the selection of a survey 

] to whom the actual work of the Survey is entrusted. An 

tccount of the field work of the first season is included, to- 

bather with some statements concerning the office work of the 

tate Geologist, and a word in regard to the expenses of the 

In An Outline or the Geology of Washington a resume is 
▼en of the present knowledge of the geology of the state. It 
B planned to afford a sort of bird's-eye view of the topography 
ind the geological formations, in order that the detailed work of 
t future may be planned with intelligence. It will require 
iny years of patient work before the geolc^y of the state will 
e known in detail, and at the present time our knowledge of 
e subject is of a very general nature. It is thought worth the 
die to include a map upon which an attempt has been made to 
intline the larger geological formations. The boundaries of the 
srent formations have, as a rule, been accurately determined 
nly in a few places, and between these points the lines of sepa- 
ration are mainly conjectural. Nevertheless it is believed that 
I geolc^cal map will prove of help to all those whose work 
ringi them in contact with the state's geology. 
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INTRODUCTION. 

In her gifts to the State of Washington, Nature has been 
exceedingly generous. She has endowed the young common- 
wealth with resources many and varied, and already our citizens 
are coming to a realization of the material wealth which sur- 
rounds them. The fertile soil with which a large portion of the 
state is blessed is leading to a great development along agricul- 
tural lines ; the extensive and magnificent forests of evergreens 
are conducive to lumbering and manufacturing on a large scale ; 
the many fine harbors, advantageously located, point to a large 
and increasing commerce; the waters teeming with fish hold 
within their depths great riches ; while the large mountainous 
area in which useful and precious metals abound contains in 
itself enough to make Washington a wealthy state, if correct and 
accurate knowledge of its mineral resources is made accessible 
to the public. In order that these resources lying hidden in the 
earth may be made known to our own citizens, and to any others 
who may wish to take a part in the building up of the state, it is 
necessary that a careful and systematic study should be made of 
our economic minerals. Thus it came about that, in response to 
a general demand of those interested in the development of the 
mineral resources of the state, the Legislature of 1901 passed a 
law providing for a Geological Survey of Washington, and ap- 
propriated money for the carrying on of the same. Following 
the plans of some of the older states in which geological surveys 
have been of great utility and benefit it was provided that the 
work of the survey for the present at least should be as practical 
as possible ; that the economic minerals should be studied first 
of all ; and that the results of the survey work should be em- 
bodied in reports and bulletins from time to time and dissemi- 
nated among the people. 
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THE LAV ESTABLISHING THE SURVEY. 

jBe it enacted by the Legislature of the State of Washington : 

Section i. There is hereby established a State Geological 
Survey of the State of Washington, which shall be under the di- 
rection of the Board of Geological Survey of the State of Wash- 
ington, which is hereby established, composed of the Governor, 
the Lieutenant Governor, the State Treasurer, the President of 
the University of Washington, and the President of the Wash- 
ington Agricultural College and School of Science, who shall 
serve without compensation, but shall be reimbursed for actual 
expenses incurred in the performance of their official duties, and 
the said board shall have general charge of the survey, and shall 
appoint as superintendent of the survey a geologist of established 
reputation, to be known as the State Geologist, and upon his 
nomination such assistants and employes as the said board may 
deem necessary, and the said board shall also determine the 
compensation of all persons employed by the survey, and may 
remove them at will. 

Sec. 2. The said survey shall have for its object: 
(i) An examination of the economic products of the state, 
viz., the gold, silver, copper, lead, and iron ores, as well as build- 
ing stones, clays, coal and all mineral substances of value. 

(2) An examination and classification of the soils, and the 
study of their adaptability to particular crops. 

(3) The investigation and report upon water supplies, arte- 
sian wells, the water power of the state, gauging the streams, 
etc., with reference to their application for irrigation and other 
purposes. 

(4) An examination and report upon the occurrence of diHer- 
ent road building material. 

(5) An examination of the physical features of the state with 
reference to their practical bearing upon the occupations of the 
people. 

(6) The preparation of special geological and economic maps 
to illustrate the resources of the state. 

(7) The preparation of special reports with necessary illus- 
trations and maps, which shall embrace both the general and 
detailed description of the geology and natural resources of the 
state. 
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(8) The consideration of such other kindred scientific and 
economic questions as in the judgment of the board shall be 
deemed of value to the people of the state. 

Sec. 3. The board shall cause to be prepared a report to the 
Legislature before each regular meeting of the same, showing 
the progress and condition of the survey, together with such 
other information as they may deem necessary and useful or as 
the Legislature may require. 

Sec. 4. The regular and special reports of the survey, with 
proper illustrations and maps, shall be printed as the board may 
direct, and the reports shall be distributed or sold by the said 
board as the interests of the state and of science demand; and 
ail money obtained by the sale of the reports shall be paid into 
the state treasury. 

Sec. 5. All materials collected, after having served the pur- 
pose of the survey, shall be distributed by the board to the Uni- 
versity of Washington, the Washington Agricultural College 
and School of Science, the normal schools, and the leading high 
schools of the state in such a manner as to be of the greatest ad- 
vantage to the educational interests of the state. 

Sec 6. The Board of Geological Survey shall meet for or- 
ganization within thirty days after the passage of this act. The 
regular meetings of the board shall be held on the first Wednes- 
day in April and the first Wednesday in November of each year. 

Sec. 7. The sum of five thousand dollars (^5,000) annually, 
or so much thereof as may be necessary, is hereby appropriated 
out of any funds out of the treasury not othei*wise appropriated 
for the purpose of carrying out the provisions of this act. 

Sec. 8. '<An act to create a mining bureau, and to define 
its powers and duties, and declaring an emergency," approved 
February 25, 1890 ; also '' An act to create the office of a State 
Geologist, prescribing his duties and compensation, and making 
an appropriation for the same, and declaring an emergency," 
approved February 28, 1890, are hereby repealed. 

ORGANIZATION OF THE BOARD OF GEOLOGICAL SURVEY. 

In accordance with the law, and at the call of the Governor, 
the following gentlemen : Governor Rogers, Lieutenant Gov- 
ernor McBride, State Treasurer Maynard, President Graves of 
the University of Washington, and President Bryan of the 
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Agricultural College and School of Science, met upon June 5, 
1 90 1, at Tacoma, and organized the Board of Geological Survey 
of the State of Washington. Permanent organization was ef- 
fected by electing Governor Rogers as president of the Board, 
and State Treasurer Maynard as its secretary. 

The first important business of the board was the selection 
of the survey stafi. Professor Henry Landes, of the University 
of Washington, was chosen State Geologist, with Professors 
Solon Shedd and W. S. Thyng, of the Agricultural College and 
School of Science, and D. A. Lyon of the University of Wash- 
ington, as geologists. Charles £. Gaches, George W. Evans, 
Louis Pohle and Lewis D. Ryan were appointed field assist- 
ants for the season of 1901. 

The board voted that members of the survey staff should re- 
ceive no salaries other than a small per diem allowance for time 
actually spent in the field work of the survey. The president 
and the secretary of the board were authorized to pass upon 
the accounts of the State Geologist and to draw upon the State 
Auditor for the payment of the bills approved by them. 

FIELD VORK OF I90I. 

In order that the citizens of the state may be informed as to 
what the survey attempted to do in its first field season, the gen- 
eral scheme of the summer's work is here set forth and some- 
what elaborated. It was thought advisable to do first of all 
such field work as would be required in order to prepare a 
general statement of the mineral resources of the state. 
With this end in view, the major part of the season was spent 
in reconnaissance work, studying the geological formations, ex- 
aming the mines of gold, silver and copper, making maps and 
sections of the coal fields, examining with care the building and 
ornamental stones, and collecting other data for the first report, 
which should be devoted chiefly to a description of the state's 
mineral resources. It was also planned to gather such data during 
the first season as would be needed in the preparation of 
some special bulletins on the coal fields, building and orna- 
mental stones, clay materials, and on one or two of the most 
prominent mining districts of the state. In order to carry on 
the plans outlined above, three parties were placed in the field. 
These were equipped so that they might move with as great 
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rapidity as possible and thus be able to cover a large part of the 
state in the time at their disposal. Necessarily the work was of 
a reconnaissance order, and only a little attention could be given 
to details. The personnel and scope of work of the three par- 
ties will now be mentioned. 

The first party was composed of the State Geologist, D. A. 
Lyon, C. £. Gilman, Lewis Ryan, Charles Landes and J. W. P. 
Dunlap. About July ist, after having provided themselves with 
the necessary horses and camp equipment, they began work at 
Republic. Here they remained about ten days, studying the 
mining geology of the district. The party then proceeded north 
to Curlew, visiting several properties on the way. The next 
move was to the Myers creek district and thence to Oroville and 
Loomis. At the latter place some time was spent visiting and 
studying the best developed mines in the Palmer mountain dis- 
trict. From this point the party proceeded to the Methow by 
way of Conconully. From the Methow they moved up the 
Twisp river, over Twisp pass to Bridge creek, and down the 
Stehekin to the head of Lake Chelan. From this point the 
mines on Railroad creek were visited. From Lake Chelan the 
party passed to the Horseshoe basin, thence over Cascade pass 
and down the Skagit to Marblemount. Barron was next visited 
and an examination was made of the mines on Slate and Thun- 
der creeks and thereabouts. Returning down the Skagit to 
Hamilton, some time was spent in studying the coal field of that 
region. The boundaries of this field were approximately deter- 
mined, as were those of the Cokedale field as well. Blue Canyon 
was next visited, and here some time was spent in determining 
the boundaries of that large coal field, and in studying the out- 
crops of coal which occur at several places northward and east- 
ward of Lake Whatcom. While the party were camped at 
Keese a detachment under the leadership of D. A. Lyon visited 
the principal mines of the Mount Baker district. The last move 
of the party was to LaConner where the horses were to winter, 
and here the work of the party closed for the season. 

The second party, consisting of Professor Solon Shedd as ge- 
ologist and George Evans and Louis Pohle as field assistants, 
spent the season mainly in an examination of the building and 
ornamental stones of the state, paying some attention to the 
clay materials as well. They began work at Spokane in the last 
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days of June by making an examination of the granite quarries 
about Spokane and Medical Lake. Then came an investigation 
of the marble and serpentine which is found at Valley station 
and elsewhere in Stevens county. Finishing their work here, 
they then moved to Western Washington, where the remainder 
of the summer was spent in a study of the building stones and 
clays of that region. Tenino, Wilkinson, Index, Chuckanut and 
Sucia Island were visited, as well as many other places where 
stone of desirable character for building purposes was known to 
exist. 

Professor W. S. Th3mg, who made studies upon several min- 
ing districts during the summer, began his work upon the mines 
in the districts about Silverton, Monte Cristo, Goat lake. Silver 
creek and Index. From Index he went to the Carbon river dis- 
trict to examine the copper mines located there. He finished 
his work by an examination of the Cedar canyon district in 
Stevens county. 

OFFICE WORK. 

It is a fact acknowledged by every one who has had any ex- 
perience in the matter that the hardest and most exacting work 
of a Geological Survey is that of the office. It is here that the 
field notes must be most carefully elaborated, the minerals and 
rocks collected during the summer must be identified and de- 
scribed, and numerous analyses made of the same; maps and 
sections must be prepared for illustrating the subject matter of 
the bulletins and reports; and great care must be exercised in 
every direction in order that the reports may be complete and 
accurate in every respect. 

Since the inauguration of the survey, a considerable portion 
of the time of the State Geologist has been taken in making re- 
plies to inquiries from our own citizens and from many outside 
the state, who desire information concerning our mineral resour- 
ces. It is of course necessary that these replies be carefully 
prepared, so that the demands of our citizens and of outside cap- 
italists may be fully met. While the correspondence has already 
reached large proportions, it will doubtless reach a greater vol- 
ume when the fact that Washington has a Geological Survey 
becomes better known. 

One important part of the work of the Geological Survey is 
the identification of minerals and rocks sent in by prospectors 
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and mining men. Such specimens will be examined and 
promptly reported upon if the following rules are observed: ist. 
A specimen should weigh not less than one-half pound and 
should be taken from as great a depth as possible. 2d. Each 
specimen must be accompanied by a statement of the exact loca- 
tion where it is found, and a description of the mass as a whole from 
which it came. 3d. The specimen must be sent prepaid, with 
the name of the sender plainly written upon the package, and 
addressed to the State Geologist, University Station, Seattle, 
Washington. 

It must be patent to every citizen that no assays or chemical 
analyses can be expected from the office of the State Geologist. 
In the first place no provision is made for any such work in the 
law creating the Geological Survey. In the second place the 
sampling or selection of ores for assays or analyses is of the 
greatest importance, and usually an average sample is not taken, 
so that the assay or analysis indicates very little as to the real 
value of the mineral deposit. In the third place the cost of 
making such assays or analyses by the survey would be so very 
great that its resources would be largely consumed in this work 
alone, and the sender only would be benefited and not the state. 

EXPENSES OF THE GEOLOGICAL SURVEY. 

The amount appropriated by the Legislature of 1901 for the 
carrying on of the work of the Geological Survey was five thou- 
sand dollars per annum. For all moneys paid out in the prose- 
cution of the work of the survey vouchers are taken in duplicate. 
These vouchers pass through the hands of a committee of the 
Board of Geological Survey, and upon their approval one set 
passes to the State Auditor, while the duplicate set is retained 
by the board. The appropriation above mentioned must pro- 
vide for the entire expenses of the survey, not only for the field 

work but for the printing of all reports and the mailing of the 
same. 

The cost of doing field work in Washington is probably fully 

as great, if not greater, than that of any other state in the Union, 

because of the extreme ruggedness of large parts of the state 

and the difficulties in the way of transportation. It is, therefore, 

only by practicing the most rigid economy and by getting a 

large amount of work done without any attendant compensation 

that it 18 possible to attain even moderate results. 



AN OUTLINE OF THE GEOLOGY OF 

WASHINGTON. 



The following brief account of the geology of Washington 
must be regarded as general and at the same' time provisional. 
It is thought desirable at this time to make some preliminary 
statements concerning the state as a whole, in order to pave the 
way for the detailed work of the future. Up to the present time 
it is only at a few points, often widely separated, that the geol- 
ogy of the state has been studied with thoroughness and with an 
attention to details. Not until all parts of the state have become 
readily accessible, and especially not until complete topographic 
maps have been made, will it be possible to carry on all of the 
investigations necessary to formulate a complete and detailed 
account of Washington geology. 

The most important work on the geology of Washington has 
been done by the United States Geological Survey, mainly by 
Messrs. Bailey Willis, I. C. Russell, and George Otis Smith. 
In the Bibliography of Washington Geology, comprising part 6 
of this volume, will be found a list of the contributions to the 
geology of the state that have been made by the above mentioned 
geologists and others. In the preparation of this article all 
printed reports on the geology of Washington that were accessible 
have been freely drawn upon, and an attempt has been made to 
give full credit in every case. The writer has been engaged for 
several seasons in geological field work in various parts of Wash- 
ington, and much of the result of his work on the general geol- 
ogy of the state is embodied herein. 



topcx;raphy. 



Before an intelligent discussion of the geology of Washington 
can be had, it is necessary that some statements concerning the 
topographic features of the state should be made. In time to 

(9) 
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come, when the geology is better known than it is now, the topo- 
graphic features as a result will be much better understood ; and 
consequently, when topographic maps shall have been made of 
the entire state, the details of its geology will be made out with . 
much greater ease than is possible at the present time. 

A visitor to Washington cannot but be immediately impressed 
by the very great diversity of physical features which the state 
possesses. From the low plains which are found along the 3,000 
miles or more of coast line it is possible within a short space of 
time to ascend to heights on which the snow remains throughout 
the year. The far reaching influence of such great differences in 
the topography of the state are readily observable. Not only is 
a varied scenery produced, but of necessity there follows a great 
variation in the climate, rainfall, soil, vegetation, and occupa- 
tions of the people in the difierent topographic provinces of the 
state. 

A study of the relief map which accompanies this report will 
make it clear that the physical features of the state may be di- 
vided into six provinces. Passing from the Pacific ocean inland 
these divisions are : Olympic Mountains, Puget Sound Basin, 
Cascade Mountains, Okanogan Highlands, Columbia Plain, and 
Blue Mountains. It must be understood, of course, that no hard 
and fast lines separate these provinces. The border line is 
always arbitrary and difiBcult of exact location. Another fact to 
be noted is that without exception these provinces extend beyond 
the boundaries of the state, overlapping into the adjoining states. 
The provinces already noted are capable of subdivision into 
smaller and yet smaller areas which can receive but scant atten- 
tion in these pages. 

OLYMPIC MOUNTAINS. 

These mountains should be regarded as merely a segment of 
the general coastal range which extends northward and south- 
ward beyond the confines of the state. They reach their great- 
est development in Washington in the triangular shaped area 
bordered by the ocean, the Straits of Fuca and the arms of 
Puget sound. Their highest peak is Olympus, which has an 
elevation of about 8,000 feet, and is the first point of land to be 
recognized by navigators when approaching the coast of Wash- 
ington from the westward. The Olympics when seen from any 
point of view exhibit a labyrinth of serrated ridges and sharp 
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peaks. Standing as they do in the path of the moist westerly 
winds, and rising to a considerable height above the sea, these 
mountains are visited by an excessive precipitation. 

The Olympics have been but little explored and reliable in- 
formation concerning them is very meager. It is known, how- 
ever, that they are well nigh impassable because of their 
extremely broken and dissected character. The divides are ex- 
ceedingly sharp and di£Bcult to follow. The rivers flow in deep 
canyons with walls which in many instances can not be scaled. 
On the whole the streams of these mountains seem to be ap- 
proaching the stage of maturity in their development. 

The southern extension of the Olympics consists merely of 
hills or ridges rising as a rule not more than 1,500 feet above the 
sea. In fact so inconspicuous are they in the topography of the 
southwestern part of the state that the term mountains is not 
usually applied to them. They have been cut in two by the 
Chehalis and Columbia rivers. 

PUGET SOUND BASIN. 

The Puget Sound basin lies between the Olympic and Cas- 
cade mountains, its longer axis having a north and south direc- 
tion. It has the form of a broad trough, its large central area 
being less than 100 feet above sea level, while its eastern and 
western sides rise gradually until they coalesce with the moun- 
tains. 

The basin for the most part has a foundation of sedimentary 
rocks which have been thrown into folds. The inequalities pro- 
duced by the folding of the strata have been largely reduced by 
erosion, so that the basin at the present time is a plain of low 
relief. 

A late episode in the history of the basin was a subsidence 
of sufficient extent to cause the wide valleys of the northern 
portion to sink below sea level, whereby the rivers became 
" drowned " and Puget sound was produced. A still later epi- 
sode was the advent of great glaciers from the mountains to the 
northward, eastward, and westward, whereby the northern part 
of the basin was overwhelmed and its rock foundation almost 
wholly hidden by a mantle of glacial sediments varying in thick- 
ness from 500 to 1,000 feet. The glacial sediments consist for 
the most part of plains of till, with local deposits of stratified 
clay, sand and gravel. About the southern end of Puget sound 



12 Annual Report Washington Geological Survey. 



there are many level, barren plains of coarse sand and gravel, 
which were formed by the great streams of water which the 
melting glaciers produced. The southern part of the basin has 
a somewhat more hilly or broken character than the northern 
part, because of an absence of plains of glacial materials. 

CASCADE MOUNTAINS. 

On the southern border of Washington where the Cascade 
mountains enter the state they have a breadth of about fifty 
miles, which increases to loo miles at the British Columbia line. 
The general height of the mountains is about 8,000 feet above 
the sea, although there are some peaks, usually old volcanoes, 
which rise to much greater heights. Only one of the volcanoes 
that are well known stands on the axis of the range, viz., Glacier 
Peak. The remaining volcanoes. Baker, Rainier, and St. 
Helens, stand on the western flank of the mountains, and 
Adams on the eastern side. 

The northern half of the Cascades in Washington differs 
much in character from the southern half. In the southern por- 
tion igneous activity has been very great and much of the topog- 
raphy is due to the presence of volcanoes with their attendant 
lava flows. In the northern Cascades there is such a marked 
uniformity in the heights of the loftier peaks and ridges as to 
suggest very strongly that they are the remnants of a plateau. 
In other words, the northern Cascades have seemingly been 
carved out of a great plateau which was the result of the uplift- 
ing of a peneplain. The ruggedness of the topography, there- 
fore, is not due primarily to the folding of the rocks, but to 
erosion. The streams have been, and are yet, large and well 
fed, so that the old plateau is now well dissected and transformed 
into mountains of extreme ruggedness. The main streams 
which flow out from the Cascades all have valleys noted for 
their depths, so that the flanking mountains stand alongside in 
great boldness. In ascending the principal mountain valleys, 
especially those on the western side of the Cascades, one notices 
that the grade is gentle, even into the heart of the mountains, 
and the ascent is nearly all made in the last few miles before the 
summit is attained. 

Very many glaciers, some of large size, occur in the higher 
portions of the Cascade mountains. They once filled the larger 
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mountain valleys and eroded and modified these very materially. 
Amphitheatres or cirques are found at the heads of many streams, 
and as these basins usually contain small lakes and parks, they 
afford some of the most beautiful scenery that the mountains 
possess. 

okancxjAN highlands. 

The Okanogan highlands occupy that portion of the state 
lying north of the Columbia and Spokane rivers and east of the 
Cascades. On their western border they merge insensibly into 
the latter mountains, and on the east they join the mountains of 
Idaho. In their geological characteristics they closely resemble 
the northern Cascades, but in their topographical aspects they 
are quite different. Instead of ruggedness they are character- 
ized largely by beautiful rolling surfaces, with long gentle slopes 
leading down from the watersheds to the wide stream basins. 
The hills are low and broad and of a slope so slight that they 
are covered with a deep soil. The divides between the larger 
streams, although they reach heights of 5,000 or 6,000 feet above 
the sea, are gently rounding and not sharp or abrupt. The 
larger valleys were filled with glaciers at one time, and charac- 
teristic terraces or moraines are now found along the valley 
sides. Throughout the Okanogan highlands there is a close 
and easily observed relationship between the vegetation and the 
amount of rainfall. On the higher hills and ridges where the 
rainfall is greatest forests grow everywhere. On the lower hills 
and in the higher valleys the rainfall will not support a forest 
growth, but bunch grass grows luxuriantly. In the lower valleys 
of the larger streams, where the rainfall is least, bunch grass dis- 
appears and sage brush takes its place. The forests have an 
open character with practically no underbrush, the number of 
streams is large and the water excellent, so that the highlands 
have a remarkable park-like character. 

COLUMBIA PLAIN. 

With the exception of the Blue mountains, described below, 
virtually all of that part of the state south of the Okanogan 
highlands and east of the Cascade mountains is embraced in the 
Columbia plain. From the Columbia river at a height of 500 or 
600 feet above the sea, the plain rises rather rapidly to the 
westward until it merges into the piedmont plateau which bor- 



14 Annibal Report Washington Geological Survey. 

ders the Cascades. To the eastward the plain rises slowly and 
does not reach an altitude of 2,000 feet until near the Idaho 
line. The area under discussion is really composed of a num- 
ber of plains and plateaus which can not be differentiated with 
accuracy at this time. 

While the Columbia plain as a whole is quite level and mo- 
notonous, there are some local irregularities which tend to give 
the plain a diversified appearance. In the region about North 
Yakima there are a number of sharp east and west ridges of a 
semi-mountainous character, which represent anticlines or arches 
in the sheets of lava. These ridges have occasionally risen 
athwart the stream courses, and some rivers, such as the Yak- 
ima, have cut deep gaps across them. In some parts of the 
plain, notably within the great bend of the Columbia river, the 
country is much cut up by old river courses, now wholly aban- 
doned by streams, and known locally as coulees. Of these, 
Moses and Grand coulees are good types. The coulees are 
. often 500 or 600 feet in depth, with precipitous walls, and rep- 
resent the courses of streams which have now sought other 
channels, or which have withered away because of a decrease in 
the amount of rainfall. Each coulee now has within it usually 
a chain of small alkali lakes. 

In the region drained by the Snake river and its tributaries 
deep canyons have been cut in the plain. From the Snake river 
northward toward Spokane, in what is known as the Palouse 
country, the plain (or more properly called here a plateau) is 
covered with hills having altitudes of from 400 to 600 feet, which 
possess the character of sand dunes. They are hills of aeolian 
origin, made up of deposits of fine soil which was carried to its 
present position by the prevailing winds of the southwest. 
These wind-blown hills have long, gentle southwesterly slopes, 
with northeasterly ones that are somewhat abrupt. They must 
have been formed at a time when there was less precipitation 
than now and when the surface of the country had no vegeta- 
tion upon it. Since the time when the hills were fashioned out 
of the wind-blown soil the streams have accomplished consider- 
able erosion, and now have their drainage lines well established. 

BLUE MOUNTAINS. 
These mountains, situated on the border line between Wash- 
ington and Oregon, represent merely a local uplift of promi- 
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nence in the great lava plain. A broad, dome-shaped area of 
lava was elevated here, rising about 7,000 feet above the sea. 
and about 5,000 feet above the surrounding plain. While the 
streams have cut deep canyons in the mountains, as a whole 
they still retain their even-topped appearance. The mountains 
are high enough to have sufficient precipitation to support a 
moderate forest growth, and in this way they afford a contrast 
to the surrounding prairies. 



GEOLCX;iCAL FORMATIONS- 



METAMORPmC ROCKS. 

Metamorphic rocks are those which have been acted upon by 
heat and pressure for the most part and as a result they have 
undergone certain changes from their original conditions. These 
changes are so great that the rocks are greatly altered in their 
structure, mineral composition, and physical aspects. Some 
common examples of metamorphism are the changes of ordi- 
nary limestone into marble, sandstone into quartzite, and clay- 
rock into slate. 

It is generally believed that the metamorphic rocks are the 
oldest as far as known in Washington, while at the same time 
all efforts to determine their geological age have so far been un- 
successful. From their marked physical resemblance to Archaean 
rocks found in other parts of the United States some have 
been inclined to designate the metamorphic rocks of Washing- 
ton as Archaean, but this cannot be done with assurance until 
further evidence is obtained. In many places it has been ob- 
served that the metamorphic rocks have sedimentaries lying 
unconformably upon them, and in fact it has been largely from 
the erosion of the former that the latter have been made. 

It is known that metamorphic rocks occupy a large portion 
of the state, being very frequently met with throughout the Cas- 
cades, from Stampede pass northward to the British Columbia 
boundary, and from near Puget Sound eastward across the 
Cascade mountains and Okanogan highlands to the Idaho line. 
The ordinary varieties of metamorphic rocks in Washington are 
gneiss, schist, marble, slate, and quartzite. The most import- 
ant of these are described below. 
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Gneiss is a rock composed essentially of the same minerals 
as granite, and as a consequence is often mistaken for the latter. 
While a hand specimen of gneiss usually resembles closely a 
hand specimen of granite, in a ledge of gneiss a banded or strat- 
ified appearance is always displayed. Gneiss in general is a 
good building stone, and in Washington it oftentimes has within 
it mineral veins of economic importance. 

The gneiss of Washington is generally associated with gran- 
ite and schist, usually lying above the former and below the 
latter. The most important areas of gneiss observed by the 
writer are the following: A wide belt, having a north and south 
course, which is crossed by the road from Myers Falls to Re- 
public; along the Kettle river, between Curlew and Midway, 
where many veins of pegmatite occur in the gneiss; along the 
Okanogan river between Johnson creek and Oroville; at several 
points along the Methow river, between its mouth and the Twisp 
river, notably near the mouth of Gold creek; along Bridge 
creek and the Stehekin river, from Twisp pass to Lake Chelan; 
and on the Columbia river between Chelan Falls and Wenatche. 

Schist* 

Schists are metamorphic rocks, possessing a cleavage which 
causes them to break into thin laminae or folia. The parting 
along the cleavage planes is almost always wavy, although occa- 
sionally it is smooth. When derived from a sedimentary rock 
the cleavage of schist is at right angles to the original stratifica- 
tion, although all semblance of the latter has usually been wholly 
destroyed by metamorphism. Schists are recognized by their 
cleavage habit and by the greasy feel which they usually possess. 

Schists are of various kinds and are usually classified accord- 
ing to the prominent minerals found within them. Mica is 
usually the most abundant mineral and mica schists are there- 
fore of the most frequent occurrence. Chlorite, hornblende, 
and staurolite, with some others, also occur occasionally and 
give rise to chlorite schist, hornblende schist, etc., etc. 

Russell * mentions a number of localities herein given where 
schists occur. A great escarpment occurs on the south side of 
Yakima valley two miles southwest of Clealum. The schists 

• Russell: 20th Ann. Rep. U. S. Qeol. Survey, Part II, pp. 102-3-4, 1900. 
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may be traced westward from this point for ten or twelve miles, 
with an increasing thickness exposed. Similar schistose rocks 
outcrop about the base of the Wenatche mountains, at various 
localities at the head of the Teanaway and on Nigger creek, and 
thence northward to beyond Leavenworth on the Great North* 
em Railway. 

The mountains west of the Columbia and on the north side 
of the Wenatche valley, known as the Entiat range, are com- 
posed largely of mica and hornbletide schist. Here the schist is 
cut by dikes of basalt and acid dikes as well and in some places 
quartz veins are found containing free gold. Another exposure 
of schist, thought by Russell to be a continuation of the last 
mentioned area, occurs in the mountains to the northward of 
Lake Wenatche between Chiwahwah and White creeks. Horn- 
blende schist also occuirs in the vicinity of Dirty Run peak, near 
the western end of Lake Wenatche, and along the crest of the 
ridge which extends northwest from it for about ten miles. This 
same rock forms the south wall of the valley of the west fork of 
White creek, and extends to the main Cascade divide near Gla- 
cier peak. The valley of Indian creek is almost surrounded by 
schists, which also crown Indian pass and cover most of the 
country from the region along the Sauk river to the mouth of 
Whitechuck creek. Schist is found in the region around Cas- 
cade pass and along Cascade creek for nearly its entire length. 
The most northern area of schist recorded by Russell occurs on 
the Skagit, extending from the mouth of Skaadle to beyond the 
mouth of Beaver creek. On the east side of the valley of the 
Skagit the same schist outcrops from Thunder creek to a point 
five miles up Ruby creek. Russell * also mentions schist as oc- 
curring under the lava in the Snake river canyon between Grande 
Ronde river and Wild Goose creek, and in the mountains along 
the western base of which runs the Washington-Idaho line. On 
the Snake river, at BuHalo rock, fifteen miles above Asotin an- 
other outcrop of schist occurs. 

Other considerable areas of schist have been observed by the 
writer, usually associated with gneiss. Schist occurs commonly 
along the Methow between its mouth and that of Twisp river. 
Schist with gneiss occurs on Bridge creek and on the Stehekin 
between Twisp pass and the head of Lake Chelan. It occurs 



*BiiimU: Water Supply and InigatioD Papers, U. B. Oeol. Survey, No. 4; p. 8d, 189 7 
2—1 
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occasionally on the borders of Lake Chelan and between the 
mouth of Chelan river and Wenatche. Large areas of schist 
occur on the Skagit from near Marblemount to Cokedale. 

Near Hamilton the schist contains some important veins of 
magnetic iron. West of Hamilton and about Cokedale are two 
areas where schist is the enclosing rock of some coal basins to 
be described later on. Upon the eastern and southern boun- 
daries of the large Blue Canyon coal field mica schist constitutes 
the rim rock. Schist is found in isolated outcrops about 
La Conner. It also occurs on the Great Northern Railway near 
Madison, and for a number of miles from Berne to the eastward. 
Four miles east of Cheney along the Northern Pacific Railway 
there are several outcrops of mica schist where the overlying 
basalt, thin at this place, has been wholly removed. 

CrystaiUiic Liomtofic* 

In the metamorphic area above described, crystalline lime- 
stone occurs in a large number of localities. Originally a com- 
mon limestone, it has become crystalline or marbleized through 
the influence of heat and pressure which was at some time 
exerted upon it. From an economic standpoint the best crys- 
talline limestone, as far as now known, occurs in Stevens county 
where commercial marble is found at several places and is ex- 
tensively quarried. A long, narrow belt of limestone extends 
north and south across Ferry county, lying at the western foot 
of the granite divide which separates the Columbia and Kettle 
rivers from the streams to the westward. Near the head of 
Lambert creek and in the vicinity of the town of Curlew the 
limestone forms hills which show quite prominently because of 
their white color. Crystalline limestone occurs midway between 
Republic and Wauconda. It also occurs near Johnson creek on 
the Okanogan river and on the eastern slope of Palmer moun- 
tain. On the western slope of the Cascade mountains crystal- 
line limestone occurs at many places from Snoqualmie Pass 
northward, notably near the Denny iron mines, along the Stilla- 
guamish river near Granite Falls, along the Skagit river between 
Baker and Marblemount, and near Kendall in Whatcom county. 
Important areas of the same rock occur on the San Juan islands, 
where the limestone is intimately associated with some basic 
eruptive rocks. It occurs here in isolated masses varying in 
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size from a few feet ia diameter to one-fourth of a mile or so. 
This limestone doubtless belonged to some sedimentary beds 
from which fragments were torn by the eruptive rocks in their 
ascent from their former position below the surface. 

Quartdte* 

Quartzite is a metamorphic rock which has been derived 
from sandstone by the cementing of the sand grains by silica. 
It is practically, therefore, entirely composed of silica, and is of 
course very hard and resistant. 

In a country where gneiss, schist, and crystalline limestone 
occur it would be very exceptional if quartzite did not occur 
also. In Washington, however, as far as the metamorphic area 
has been studied, quartzite has been noted in only a few places. 
It has been observed by the writer on the Similkameen river, a 
few miles directly north of Loomis. It is here interstratified 
with beds of gneiss. Russell* mentions quartzite as occuring at 
several places north of the Snake river and near the Idaho line, 
where islands of quartzite appear in the sea of lava. Kamiack 
and Steptoe Buttes in Whitman county are two very prominent 
examples of quartzite. The first of these rises over 500 feet, 
and the second over 1,000 feet, above the surface of the sur- 
rounding basalt plateau. 

IGNEOUS ROCKS. 

The igneous or heat rocks are those which have solidified 
from a fused condition. An igneous rock may be formed by the 
fusion of a sedimentary rock, or it may represent merely the 
final stage in metamorphism. Two kinds of igneous rocks may 
be noted — the plutonic and the volcanic. The plutonic or deep 
seated rocks are those which, cooling at a distance beneath the 
surface and under great pressure, solidify slowly, attaining a 
coarse granular structure, except near their borders where they 
come in contact with the cooler rocks. In Washington the plu- 
tonic rocks are well represented by granite, syenite, diorite, etc., 
but as detailed studies have not been made in regard to the par- 
ticular areas where these different varieties occur, it will be con- 
venient to group them all under the head of granite. 

Volcanic rocks are those which are brought to the surface or 

*Bii8MU: Water Supply and Irrigation Papers, U. 8. Oeol. Survey, No. 4, pp. 87-88, 
1897. 
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near to the surface by volcanic action and are either spread out 
in layers, intruded into fissures as dikes, or accumulated as frag- 
ments of lava. On account of their sudden cooling, many vol- 
canic rocks are glassy or only partly crystalline. Others are 
wholly crystalline, the crystals generally, but not always, bemg 
of a small size. Examples of volcanic rocks are to be found 
throughout Washington, notably the great lava plains of south- 
eastern Washington, and within and about the great volcanoes 
of the Cascade mountains. 

Granite* 

Granite occurs at very many places and in very large quan- 
tities in Washington. Throughout the metamorphic area of the 
state above described granite is perhaps the most common rock. 
It is the belief of the writer that further study will make it clear 
that there are in the state two kinds of granite — one represent- 
mg a final stage in metamorphism, or in other words, a meta- 
morphic granite — the other variety an intrusive granite which 
was forced into the rocks above it. It is possible that these 
varieties are both shown along the line of the Great Northern 
Railway in the Cascade mountains. At Index a light colored 
granite occurs composed mainly of feldspar and quartz, with 
comparatively small amounts of mica and hornblende. Although 
the writer has observed this granite over a considerable area 
about Index, at no place has any evidence of intrusion been 
noted. At the point where the railway crosses the mountain 
summit there is another large area of granite, composed mainly 
of mica and hornblende with a proportionally small amount of 
quartz and feldspar. This granite is very plainly intrusive, for 
it shows within it embedded masses of mica schist which it 
broke off in its ascent. 

Granite occurs about Spokane and Medical Lake, where im- 
portant quarries have been developed. In Ferry county a long 
narrow belt of granite is found on the summit of the divide 
between the streams fiowing east into the Kettle and Columbia 
rivers, and those fiowing west into Curlew creek and the San 
Foil river. A similar belt running north and south is crossed 
on the road from Republic to Wauconda. 

Mount^ Bonaparte, in Okanogan county, stands at the center 
of a large granite area. It is probable that this area continues 
southward along the summit between the streams fiowing east- 
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ward into the San Poil river and those flowing westward to join 
the Okanogan. There is a granite area of unknown width, ex- 
tending southward from Loomis by way of Conconully and Ruby 
to the Columbia river. The central portion of this area extends 
in an east and west direction virtually from the Okanogan river 
to the Methow, making it one of the largest granite areas of the 
state. Near Ruby and elsewhere the granite contains a pinkish 
feldspar, which gives it a beautiful appearance. Granite occurs 
for two miles east and about eight miles west of Twisp pass, 
and it is not improbable that this granite continues northwest 
and southeast forming the divide between the drainage of the 
Methow and Lake Chelan. Granite occurs along the whole 
course of Railroad creek, which heads on the summit of the Cas- 
cades and which empties into Lake Chelan near its northern 
end. 

RusselP gives several localities in the Cascades where granite 
and related rocks occur. There is a very large area of granite 
around Mount Stewart, known as the Mount Stewart granite. 
All of the high peaks of the Wenatche mountains are composed 
of this rock, and an area of granite extends from a point about 
five miles northwest of Blewett to beyond the summit of the 
Cascades at the point crossed by the Great Northern Railway. 
Ingall creek, for its whole length to within four miles of its junc- 
tion with the Peshastin, forms a border of this area. Here the 
boundary turns and runs nearly due north to seven or eight 
miles beyond Leavenworth, where it again turns and goes 
toward the west. 

The drainage basin of the north fork of White creek is nearly 
all in granite, and this area probably connects with that of Cas- 
cade pass. Similar granite is found along Indian creek and on 
Glacier peak. Between the two latter localities a part of the 
granite branches off from the main mass and in the form of 
dikes is intruded into the schists to the south. Granite has also 
been noted along the Sauk river, where schistose rocks are the 
prevailing type. Another granite area, noted by both Willisf 
and Russell^, occurs along the Skagit river from Marblemount 
to Thunder creek. 

* BoBsell: 20th Ann. Rep. U. S. OeoL Survey, Part II, pp. 10&-106. 1900. 

tWiUlB: lOth CenBUB U. S.. Vol. XV, p. 761, 1B86. 

t BuBteU: lOth Ann. Rep. U. 8. GwL Survey, P»rt II, p. 107, 1900. 
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Little is known of the granite in the southern part of the 
Cascades. According to Smith"^, granite forms an elevated plat- 
form on which stands the volcanic cone of Mount Rainier. 
Granite has been observed by the writer at the foot of Silver 
Star mountain, fifteen miles northeast of Washougal on 
the Columbia river. It is very probable that granite occurs 
at intervals along the axis of the Cascade mountains from the 
British Columbia line to a point within a few miles of the Co- 
lumbia river. Mr. Charles A. Ruddy has informed the writer 
that a few miles from the mouth of the Dosewallips river on 
Hood's Canal large boulders of granite are found, which have 
beyond any doubt been brought from the Olympic mountains 

adjoining. 

Basalt. 

The most important volcanic rock of the state is represented 
by the series of basaltic outflows known as the Columbia lava.f 
The Columbia lava not only extends over a good portion of 
Washington, but covers all of Southern Idaho, Eastern Oregon, 
and extends into California as well. It is doubtless the largest 
lava flow in the world, covering nearly 250,000 square miles and 
displaying a thickness in some places in excess of 4,000 feet. 
Along the margin of the basaltic flow the lava becomes compara- 
tively thin, as is shown near the big bend of the Columbia river, 
where the granite beneath the lava shows in canyons at depths 
of 300 or 400 feet. It is generally conceded that the basalt came 
to the surface through great fissures of considerable linear ex- 
tent rather than through the usual volcanic vents. In other 
words the basalt is of a composition which is characterized by a 
low melting point, and consequently the molten lava would flow 
for long distances before cooling. Throughout the Columbia 
lava plain there are no indications of true volcanoes, as far as 
observed. 

The floor upon which the Columbia lava was outpoured was 
quite uneven. It was a floor composed as far as known of gran- 
ite, schist, gneiss, and other metamorphic rocks not dissimilar 
in character, perhaps, from the Okanogan highlands which lie 



•Smith: 18th Ann. Rep. U. 8. Oeol. Survey. Part U, p. 428, 1896. 

tThia formation ia diaonased in the papera by BoaaeU* Smith, LeConte, Gibbs, 
Riohthofen, and Symona, whioh are mentioned in the Bibliography of Waahlngton 
Geology at the close of this yolume. 
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to the north, or the mountains along the Idaho- Washington line. 
Some of the bolder hills of the former floor were never covered, 
as in the case of Kamiack and Steptoe Buttes and others. Other 
hillSy although finally covered by lava, are yet known to have 
reached heights of 2,500 feet above the surrounding valleys. 
Such instances are to be seen in the canyon of Snake river. 

Wherever the rivers, such as the Snake, have cut deeply into 
the basalt, the individual lava flows may be readily made out. 
The number of lava flows presumably varies in different parts of 
the lava field. According to Russell,* in the canyon of Snake 
river, where perhaps there is the greatest exposure of lava, eight 
distinct lava sheets may be seen. Smith f says that ten or more 
separate flows can be counted in the canyon of Yakima river, 
and that individual flows may be traced for great distances. 
The surface of the basalt in some places is yet characterized by 
the ropy appearance which is always observed upon recent un- 
weathered lava flows. In appearance the basalt is usually black 
in color, but various tints of brown, red, gray, and green may 
easily be found. It is observed that the lava varies somewhat 
in character in the successive flows, and that from the surface of 
a flow toward the center some differences may be noted. In 
8ome of the flows the basalt is very compact and heavy, while in 
other cases it presents rough and scoriaceous surfaces, caused by 
the small cellular cavities which were produced by the steam 
when the rock was molten. In some instances where the molten 
rock cooled with great rapidity the minerals did not have time 
to form and the basalt is therefore glassy, but in the central 
part of the thicker flows where cooling took place with great 
slowness the rock is crystalline in structure and the crystals can 
readily be seen by the naked eye. The composition of the ba- 
salt from a mineralogical standpoint is that of plagioclase feld- 
spar, augite, olivine, and magnetite, in a glassy ground mass 
composed of silicates of alumina, magnesia, soda, potash, lime, 
iron, etc. According to Russell, ''chemical analyses of basalt 
show that in general it contains from 46 to 47 per cent, of silica 
and from 11 to 22 per cent, of alumina, together with lime, mag- 
nesia, potash, etc., in proportions varying from a small fraction 
of one per cent, to over ten per cent. It is the presence of 



•Russell: Water Supply and Irrigation Papers, U. S. Geol. Surrey, Na 4. p. 48. 1898. 
t Smith: Water Supply and Irrigation Papers, U. S. Geol. Survey, No. 66, p. 15. 1901. 
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The best known serpentine area in the state is that which 
encircles the Mt. Stuart granite and which has been described 
by Russell*. Here the serpentine occurs at many places, not- 
ably on the headwaters of the south fork of Icicle creek, on For- 
tune creek, middle and north forks of the Teanaway river, south 
of Ingall creek, throughout the drainage basin of Nigger creek, 
on the ridges to the east of Fish lake and the upper waters of 
the Clealum river, and in the region around Blewett. In all of 
these cases the serpentine seems to have been derived from per- 
idotite, and the degree of alteration varies in different portions 
of the field. Mineral veins are a common accompaniment of 
the serpentine, and in the region about Blewett, Fish lake, and 
other localities within the serpentine belt, valuable ores of cop- 
per, silver, and gold are found. 

In Stevens county several areas of serpentine have been dis- 
covered, the best known probably being the one at Valley, on the 
Spokane Falls and Northern Railway. The serpentine here is a 
valuable ornamental stone, and the quarrying of it has become 
an important industry. It has a pleasing color, may be obtained 
in large masses, and possesses other desirable qualities. 

SEDIMENTARY ROCKS. 

Sedimentary or stratified rocks are those which are made 
from the sediments or fragments derived from older rocks. 
These fragments may be produced along the sea shore by the 
work of the waves, or they may be produced upon the land by 
the forces of air and water. Sediments are transported usually 
by water and deposited upon the ocean floor, in estuaries, or in 
lakes. Thus we have rocks of marine, brackish water, and fresh 
water origin. Rocks are also divided according to composition 
or the kind of sediment which has entered into them, so that we 
have limestones, clay rocks, sandstones, etc. Another classifi- 
cation that may be made of sedimentary rocks is one according 
to the geological age in which they were made. 

The sedimentary rocks of Washington cover a large portion 
of the state and are of great importance. At the present stage 
of knowledge concerning Washington geology the sedimentary 
rocks are better known than are the other divisions. From their 
irregular line of contact with the metamorphic and volcanic 

•Russell: 20th Ann. Bep. U. S. Geol. Surrey. Part n« page 109. et seq., 1900. 
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rocks on the western flank of the Cascades, the . sedimentary 
rocks extend continuously to the coast with the exception of the 
higher central portion of the Olympics. In the northern Cas- 
cades and over the Okanogan highlands, sedimentary forma- 
tions occur at many places, usually in comparatively small 
isolated areas. They represent of course the remnants of 
previous areas of larger size which in the course of time have 
been greatly reduced by erosion. Many of the areas now sep- 
arated were at one time connected. These isolated areas are 
often found where least expected, and so small are they that a 
great amount of detailed work will be necessary before they are 
all made known. On the eastern slope of the Cascades in the 
central part of the range there are some fields of sedimentary 
rocks of considerable extent. Some outlying areas, discon- 
nected by erosion, reach down to the Columbia river and a little 
way beyond. The only part of Washington which seems to be 
quite free from sedimentary rocks is that part of the state which 
lies to the eastward of the Columbia river and to the southward 
of the Columbia and Spokane rivers. In the following discus- 
sion the different formations will be taken up in the order of 
their supposed geological position, or geological age, beginning 
with the oldest. 

PRB-CRBTACB0U5 PERIOD. 

A limestone which bears fossils that are supposed to be the 
remains of crinoid stems lies beneath the iron-bearing schists 
along Skagit river. Upon evidence offered by these fossils, 
Willis* ventures the opinion that the limestones are of Carboni- 
ferous age. If so, they are the oldest rocks so far identified in 
the state. In this same article Willis mentions black slates, 
conglomerates, and limestones from the Monte Cristo district 
which he thinks may be of Mesozoic age. 

Russellf describes a series of sandstones, shales and con- 
glomerates, of a distinct reddish-brown color which outcrop in 
the mountains bordering Methow river near the old mining camp 
of Ventura. He calls the series the Ventura formation, and sug- 
gests that it may be of Pre-Cretaceous age. He bases his cor- 
relation on the stratigraphic relationship of this formation with 
the two Cretaceous formations that adjoin it — the Similkameen 

•WUUb: 17ih Ann. Rep. U. S. OeoL Surrey, Part I, p. 66, 1896. 
t Russell: 20th Ann. Rep. U. S. Oeol. Surrey, Part II, p. 198, 1900. 
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ness. The geological characteristics of each Eocene area is 
described in more detail in the article on the coal fields of Wash- 
ington, which is a part of this volume. 

During the field season of 1901 the writer collected from a 
few new localities some plant remains which were submitted for 
examination to Professor F. H. Knowlton of the United States 
Geological Survey, and his report is here given: 

Preliminary Report on Fossil Plants from the State of 
Washington, Collected by Henry Landes, 1901. 

Bt F. H. Khowlton. 

This material consists of seyen small lots of specimens, from as 
many separate localities, all, with a single exception, being in the north- 
western part of the state. The species afforded by the various localities 
are as follows: 

Day creek, near Hamilton, Skagit county. Wash.: 

Quercus banksiafolia Newberry. 
Quercus sp. 

Ck>al creek, near Hamilton, Skagit county. Wash.: 

Quercus banksiafolia Newberry. 
Quercus coriacea Newberry. 
Thuja interrupta Newberry. 
Gfyptostrobus Europaus ( Brongn.) Heer. 

Ck>kedale, Skagit county, Wash. : 

Quercus banksiafolia Newberry. 
Nyssa f cuneata f Newberry. 
Cinnamomufn n. sp.? 

These three localities, being evidently of the same horizon, are best 
considered together. The most abundant and unmistakable species is 
Quercus banksiafolia of Newberry. It occurs at all the localities and is 
a very beautiful species. It was originally described by Newberry,* 
from Chuckanut, near Bellin^ham bay, and so far as I now know has 
been found but once since, namely, by myself at the coal mines at Blue 
Canyon on the east side of Lake Whatcom. The history of Quercus 
coriacea and Nyssa f cuneata is the same, and the conifer identified as 
Glyptosirobus Europaus was found at the same place. 

Thuja interrupta was described originally from the Fort Union 
group near old Fort Union, North Dakota. I found it also on Blue Can- 
yon, and it is present in the material from Coal creek. 

The locality at Chuckanut was referred by Newberry to the Creta- 
ceous, and this was nearly fifty years ago when much less was known of 
the geology of this region than now, and I do not think it should be so 

^BoBt. Jour. Nat. Hist., Vol. VII, p. 622, 1868; Extinct Floras of North America, 
p. 69, pi. xviU, flss. 2-6, 1808. 
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regarded. From the general appearance of the plants alone I should in- 
cline to place the age as somewhere near the Middle Tertiary, certainly 
younger than beds at Carbonado, etc. In any case these three locali- 
ties represent an age similar to that of the beds at Blue Canyon. 

Coal Creek, near Keese, Whatcom county, Wash,: 

Sequoia Langsdorfii (Brongn.) Heer. 

Sabal similar to Sabal n. sp., from Liberty, Wash. 

Cinnatnofnum n. sp. of vein xii, Franklin, Wash. 

Cinnatnotnum sp. 

Pifm n. sp. 

Phylliies n. sp. of vein xn, Franklin, Wash. 

Populus n. sp. of vein xil, Franklin, Wash. 

This collection contains beautifully preserved and very interesting 
material, some of which is undoubtedly new, and much of which is iden- 
tical with, or similar to, forms from vein xn at Franklin, Wash. On 
this ground I should regard the age as similar to that at Franklin. I 
have not given the names of the new species in advance of their publi- 
cation in my proposed monograph. 

Skykomish, Snohomish county. Wash.: 

Anemia n. sp., as found at Carbonado. 
Glyptosirobus sp., as found at Roslyn. 
Ficus n. sp., as found at Carbonado. 
Ficus n. sp., as found at Liberty. 
Celastrus n. sp., as found at Carbonado. 

The age of this locality would seem to be the same as that at Car- 
bonado and Roslyn, the beds at Liberty being a little lower. In any 
case it is probably not greatly different from the age at Carbonado. 

Black River Junction, King county. Wash.: 

Acer n. sp. 
Cinnamotnum n. sp. 
Ficus f n. sp. 

This material is the same as that obtained at Steel's Crossing and, 
judging from the matrix as well as the plant impressions, came from the 
identical beds. There is no evidence tending to change my opinions on 
the age. 

Republic, Ferry county, Wash. : 

Thuja interrupta Newberry. 

Sequoia Langsdorfii f (Brongn.) Heer. 

Cinnamotnum sp. 

There is too little of this material to base a very definite conclusion 
on, but it would seem to be similar or identical with the beds in Skagit 
county. 

Miocene Epoch* 

Marine Miocene strata which have been correlated with the 
Astoria beds, outcrop along the shore from Port Blakely to 
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Pleasant Beach, on Puget Sound. The formation at this local- 
ity consists of several thousand feet of sandstone, shale, and 
conglomerate, all tilted at a high angle. Dall* mentions rocks 
of this age as occurring at Shoalwater Bay (Willapa Harbor), 
Bruceport, and Bellingham Bay. Willisf mentions a fresh water 
formation in the southeastern portion of the New Castle hills 
which he correlates with the Miocene. 

The Ellensburg sandstone, as described by Russell;^, is the 
largest fresh water deposit of known Miocene age yet discovered 
in Washington. The formation is well exposed along the Yakima 
river between Dudley and Ellensburg, and consists of strata of 
sandstone, volcanic dust, and conglomerates, both consolidated 
and unconsolidated. This formation lies immediately above the 
Columbia basalt, and reaches a thickness of about 1,500 feet in 
the North Yakima area.§ The Ellensburg formation was de- 
posited in a large lake which covered much of central Washing- 
ton, the exact boundaries of the lake being as yet unknown. 
The lacustrine sediments, being as a rule quite incoherent, have 
been largely removed by erosion. 

Pliocene Epoch* 

It is not improbable that future study will disclose rocks of 
this age among the sedimentary formations which make up the 
southwestern part of the state. Dall|| mentions the occurrence 
of a '*mytilus bed" at Bruceport which he thinks is of Pliocene 
age. 

QUATERNARY PERIOD. 

Pldstoceoe Epoch- 
Marine Pleistocene deposits within the state are confined 
chiefly to raised beaches. Dall^ writes of the occurrence of 
beds 30 to 40 feet thick which lie uncomformably upon the Plio- 
cene at Bruceport. Raised beaches of Pleistocene age occur 
at Alki and Restoration Points and elsewhere about Puget Sound 
wherever the beach is made up of bed rock. Pleistocene sedi- 
ments in the nature of glacial deposits occupy a large portion of 



♦ Dall: Bull. 84 U. S. GeoL Survey, p. 228, 1892. 

t Willis: 18th Ann. Rep. U. S. Oeol. Survey, Part III, p. 414, 1898. 

X Kussell: 20th Add. Rep. U. S. GeoL Survey, Part II, p. 127, 1900. 

§ Smith: Water Supply and Irrigation Papers, No. 65, p. 17, U. S. Oeol. Survey, 1901. 

I Dall: Bull. 84, U. S. Oeol. Survey, p. 228, 1892. 

1 Dall: Bull. 84, U. S. Oeol. Survey, p. 227, 1892. 
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the state. In all of the mountain districts, except in the Blue 
mountains, glaciers once covered the mountain tops and filled 
the valleys, and the latter are now partially occupied by terraces, 
boulders, and moraines. The region about Puget Sound was 
occupied by great ice masses which came from British Columbia, 
the Cascades, and the Olympics. The sediments left by these 
glaciers consist of till, with stratified sand, clay, and gravel, in 
all averaging in thickness not less than five hundred feet. 
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In this article on the Metalliferous Resources of Wash- 
ington only an outline or sketch of the subject is attempted, 
preparatory to detailed descriptions of the various mining dis- 
tricts that will be given in later reports. Some of the represent- 
ative or typical metalliferous deposits are described, selected 
here and there from the large area in which the metallic minerals 
are known to occur. No attempt is made to classify the ore de- 
posits according to their mineral contents, but the usual products 
such as gold, silver, copper, lead, etc., are all described together. 
This is done because of the peculiar intimate association of these 
minerals, one with another, in the veins of ore. 

The geographical classification of the metalliferous deposits 
is that by counties, districts and mines. The district boundaries 
as given in this report are largely those of convenience, and they 
may vary considerably from those established by law or custom. 
The proper outlines of the districts will be given when these are 
later described in detail. In this article the name of the writer 
of each section is placed at the beginning of it, except that the 
State Geologist has been responsible for the preparation of the 
article as a whole, and all unsigned sections have been written 
by him. The names of the persons who have given the informa- 
tion contained in the minor parts are placed in brackets at the 
end of the paragraph. 
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THE METALLIFEROUS RESOURCES OF 

WASHINGTON 



INTRODUCTION* 



In at least thirteen of the counties of Washington metallifer- 
ous deposits are known to occur, and in all of these counties 
from one to several mining districts have been organized. The 
metallic minerals are practically limited to that area on the geo- 
logical map which is designated as the region of metamorphic 
and igneous rocks of unknown age. Veins of ore therefore 
occur at many points throughout northern Washington from the 
neighborhood of Mount Baker eastward to the Idaho line, and 
from the international boundary southward along the length of 
the Cascades to within a few miles of <the Columbia river. The 
Olympic mountains presumably contain rocks analagous to those 
of the Cascades, but it has not yet been demonstrated that val- 
uable metalliferous deposits occur within the Olympics. 

In this brief description of the metalliferous resources of the 
state it is not feasible to separate the metallic minerals one from 
another and give an account of the occurrences of each. In 
most cases these minerals occur together, oftentimes in the 
same vein, and generally in the same district. Of the various 
classes of ores the sulphide ores are by far the greatest in 
abundance. Along with the sulphides, arsenides and antimon- 
ides are very common. Oxides and carbonates do not com- 
monly occur, and native minerals are conspicuously rare. 

Gold is found in all of the mining districts, and even in all 
veins. It occurs most frequently associated with iron pyrite, 
arsenopyrite, chalcopyrite, sphalerite and galena. In a few dis- 
tricts, as Mount Baker and Squaw creek, gold occurs with tel- 
lurium as a telluride. It does not commonly occur in quartz in 
a free-milling condition, at least very far below the surface. 
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Many stamp mills have been erected which treated gold-bearing 
quartz successfully when the ore was taken from the surface, 
but this process had to be abandoned when depth was attained 
where the ore became base. Comparatively little gold is ob- 
tained in the state from placer diggings. Placer deposits do 
not seem to have been formed to any large extent, presumably 
because of an absence of quartz ledges which carry free gold. 

Silver is as widespread in its occurrence as gold, and prac- 
tically none of the ledges are free from it. It occurs most com- 
monly as a sulphide, in close association with other sulphide 
minerals, notably galena. In some of the districts silver-lead 
ore is the chief product. In other districts, as Cedar canyon, 
silver is practically the entire product, occurring in the native 
form as well as a sulphide. In other instances, as about Re- 
public, silver occurs in small quantities, especially in compari- 
son with the gold values. 

The copper minerals are widespread in occurrence, there 
being very few metalliferous deposits of any kind which do not 
contain some copper. It is not uncommon to find gold, silver 
and copper in about equal amounts as regards value. In some 
districts, as that of Republic, copper minerals, if present at all, 
occur in exceedingly small quantities. On the other hand there 
are some districts, as Index and Carbon river, where practically 
all of the values in the ledges come from the copper minerals 
alone The most abundant copper mineral is chalcopyrite, with 
bornite as a natural though minor associate. Tetrahedrite or 
gray copper is not uncommon, and chalcocite is found in some 
veins. Native copper has been found at several places, as at 
Eatonville and on the Quilcene river near its mouth, but it is 
comparatively rare. The oxides and carbonates scarcely occur 
at all west of the summit of the Cascades ; they occur in small 
quantities at many places in eastern Washington where weath- 
ering has not been followed so closely by erosion, as in the 
humid region nearer the coast. 

About the only lead mineral found is galena, which occurs 
abundantly in association with the other sulphides. While it is 
very rare at times, it is yet a common mineral in a large major- 
ity of the mining districts of the state. In some districts, as 
Colville, Horseshoe basin and others, galena constitutes the 
chief metallic mineral of the ore veins. 
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Zinc, in the form of sphalerite, or zinc blende, is also of 
widespread occurrence, although the amount found in any one 
vein is never large. It occurs in intimate association with the 
other sulphides, especially with galena. 

Arsenic occurs very commonly in the ore veins, usually in 
the form of arsenopyrite. This mineral is always gold-bearing 
and for that reason its presence is looked upon as desirable. In 
some cases, as in the Monte Cristo mine, arsenopyrite occurs in 
such large quantities that the arsenic constitutes an important 
commercial product. Native arsenic, realgar and orpiment also 
occur, notably about Monte Cristo and Goat lake. 

Antimony, sometimes in the metallic form, sometimes as stib- 
nite or tetrahedrate, occurs in more or less abundance in many 
districts. In a few instances, as at the Happy Thought mine, 
on Miller river, King county, the quantity is sufficient to make it 
of commercial importance. 

Molybdenum, in the form of the sulphide, molybdenite, fre- 
quently occurs in the ore veins, generally in very small quantities. 
In the Crown Point ledge, on Railroad creek, it occurs in suffi- 
cient amount to make it worth the while to work the mine for 
this one product alone. 

The total value of the metalliferous products of Washington 
for the past twenty years, as given by the Director of the Mint, 
has been about 1 10,000,000. The output of 1901 is estimated at 
11,072,680. The metalliferous deposits of the state, because of 
their isolation and generally refractory character of the ores, are 
necessarily of slow development. With the building of railways 
into the mining districts, and with improved facilities for ore 
treatment, a great development of the mining industry in Wash- 
ington is sure to follow. 

In the following description of the metalliferous deposits of 
the state a classification is made according to counties, districts, 
and mines. A beginning is made on the eastern border of the 
state, and the counties are then taken in turn to the westward 
and southward. The mining districts are not all represented by 
any means, only representative ones being described. Similarly 
in each district considered only a few of the mining properties, 
as a rule, are mentioned. Those selected are so chosen because 
they are typical of the district, or because being more accessible 
they could be more readily visited in the hasty field work. The 
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properties herein described therefore represent but a fraction of 
the very large number found throughout the mining regions of 
the state. 



STEVENS COUNTY* 



Stevens county lies in the extreme northeastern comer of 
Washington, extending in an east and west direction from Idaho 
to the Columbia and Kettle rivers, and from Spokane and Lin- 
coln counties on the south to the state boundary on the north. 

In its topography, Stevens county is characterized by three 
prominent ridges, and three prominent valleys, all having a north 
and south course. Near the Washington-Idaho line a mountain 
ridge having a general height of about 5,000 feet, extends from 
the Pend d' Oreille river at Newport to British Columbia. Paral- 
lel to this chain a second one lies between the Pend d'Oreille 
river on one side, and the Colville on the other, and has an alti- 
tude of about 4,500 feet. To the westward, situated between 
the Colville and Columbia rivers, is the third chain, somewhat 
lower than the others, its highest point extending to about 4,000 
feet above the sea. The larger streams have completely severed 
the ridges in several instances, and the smaller streams have 
produced many prominent passes and gaps. Of the conspicu- 
ous north and south valleys of the county, the Pend d'Oreille is 
comparatively narrow, and has the canyon aspect strongly de- 
veloped. On the other hand the Colville is quite a broad valley 
in which the river lazily meanders across its long flood-plain. 
The valley farthest westward, that of the Columbia, is also broad, 
and has an elevation above the sea of about 1,100 feet at the 
point where it enters the county. 

Stevens county, although lying in the great basin between the 
Cascades andi the Rockies, is well watered, its elevation being 
such that the precipitation in the form of snow and rain amounts 
to over 25 inches per year. The rivers are large and give to the 
county an abundant water supply, while their falls and rapids 
will some day yield great power as well. The Columbia in Ste- 
vens county is a broad and deep stream, and yet is not navigable 
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because of its strong current and the rapids along its course. 
Clark's fork, or the Pend d'Oreille, is one of the largest tribu- 
taries of the Columbia, and is navigable for a part of its course 
in Stevens county. The Colville is a small river, draining a 
broad fertile valley, which was settled early in the history of 
Washington. The Spokane forms a part of the southern bound- 
ary, and the Kettle a part of the northwestern boundary. The 
more elevated parts of the county are covered with a strong 
forest growth of evergreens. The mountains along the eastern 
boundary are included within the Priest River Forest Reserve. 
Practically the entire county is forested, although when the 
lower valley levels are reached the timber becomes somewhat 
sparse. 

Stevens county is largely a region of metamorphic and igne- 
ous rocks. The basalt of the Columbia plain reaches the Spo- 
kane river at the southern limits of the county. The north and 
south divides are composed mainly of granite, with gneiss, schist, 
crystalline limestone, and other metamorphic rocks. The crys- 
talline limestone yields an excellent marble at several places, 
and it often has serpentine as an associate. At a few localities 
veins of coal are found, which are doubtless analagous in age 
and mode of origin to the Tertiary coals of the western part of 
the state. Metalliferous deposits have been found in many parts 
of Stevens county or wherever careful prospecting has been car- 
ried on. The ores occur for the most part in the higher hills 
which constitute the divides between the larger streams. Silver 
has been the most prominent metal mined, occurring in the forms 
of silver sulphides, native silver, and silver-lead. In some ledges 
gold is the most important metal, and in a number of others, 
copper in various mineral forms is the chief constituent. 

NORTHPORT DISTRICT. 

BtfflicMU — On Bullion mountain, near the Columbia river, 
there is a group of seven claims belonging to the Bullion Min- 
ing Company, of Spokane. The property is about eight miles 
west of Northport and three and one-half miles from the Spokane 
Falls & Northern Railway. There are two ledges on the prop- 
erty, one eighty feet and the other fifty feet in width. They 
both strike northeast and southwest, and dip to the northwest. 
On ledge No. i a shaft has been sunk a distance of i6o feet. At 
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the 50 foot level a drift has been run 80 feet, and at the 150 foot 
level another drift has been run 100 feet. On ledge No. 2 a 
shaft has been sunk 100 feet, and at the loo-foot level a drift 40 
feet long has been driven. A number of open cuts have been 
made to show the width of the veins. A water-power plant has 
been installed on Crown creek which generates ample power for 
running a sawmill, drills, concentrator, etc. The company has 
already spent $15,000 in developing the property. No ore has 
yet been shipped, but there is now on the dump 50 tons of ship- 
ping ore and 100 tons of concentrating ore, all taken out in de- 
velopment work. The concentrates yield on an average, gold 
$2, silver 40 ounces, and lead 70 per cent. (H. J. Brown, sec- 
retary, Spokane.) 

Silver King;* — The Silver King Mining Company's property, 
consisting of four claims, is situated four and one-half miles 
southeast of Northport. It contains several veins composed 
largely of silver-lead ore. Some assays of solid ore have yielded 
silver 6 ounces and lead 77 per cent. Three shafts have been 
sunk, 30 feet, 28 feet, and 20 feet in depth, respectively, at a 
total cost of f 1,000. (J. R. Fleming, secretary, Spokane.) 

MYER'S FALLS DISTRICT. 

Mint* — On Gold hill, near Myer's Falls, is located the Mint 
group of claims. There are three veins, varying in width from 
eight to twenty-five feet, with a northwest and southeast strike, 
and a dip to the southwest. A tunnel and shaft aggregating 200 
feet have been driven, at a cost of $2,500. Assays on the ore 
have given gold $8, silver 5 ounces, and copper 8 per cent. (D. 
F. Strobeck, Spokane.) 

St. Paul-Express. — These claims are located very near the 
Mint group, on Gold hill. Two veins are found here, from 12 
to 35 feet wide, striking northwest and southeast and dipping to 
the southwest. A small amount of development work has been 
done, consisting chiefly of a tunnel and a shaft. Assays of the 
ore have been made which give gold $7.50, silver 5 ounces, and 
copper 9 per cent. (D. F. Strobeck, Spokane.) 

FLAT CREEK DISTRICT. 

Examiner. — The Examiner Mining Company's group of four 
claims is situated on Mineral hill in the Flat creek district. 
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Work was begun by the present company in January, 1899, and 
since then they have driven 450 feet of tunnels and shafts. 
Steam power is used for hoisting and pumping. The work done 
represents an expenditure of over f 10,000. The vein is six feet 
wide and strikes northeast and southwest. The dip is to the 
northwest. Assays on the ore vary from $2 to f 16 per ton in 
gold and silver. (W. Genge, secretary, Spokane.) 

COLVnJLE DISTRICT. 

Bonanza* — The Bonanza mine is located four miles northeast 
of Bossburg. The property was originally located in 1885, and 
came into the hands of the present owners, the Deer Trail Con- 
solidated Mining Company, in January, 1900. The vein has a 
width of about eleven feet. Since the present company ob- 
tained control of the property it has shipped about 1,500 tons 
of ore of an average value of $16 per ton, chiefly in lead and 
silver. The company has erected a shaft house, an ore house, 
bunk houses and boarding houses, and a blacksmith shop. A 
steam hoist is also installed. The total length of underground 
workings including shaft, levels, stopes, etc., amounts to about 
2,500 feet. The total cost of all development work amounts to 
about $30,000. (W. W. Tolman, Spokane.) 

CHEWELAH DISTRICT. 

Minnehaha* — This property is located on the east fork of 
Chewelah creek, in section 36, T. 33, N. R. 40 E. The ledge 
varies in width from 8 to 30 feet, and strikes northwest and 
southeast, with a southwesterly dip. The average assay value 
is $7.50 in gold, 6.5 ounces in silver, and 6 per cent, copper. 
A tunnel 40 feet long has been driven, costing $500. ( D. F. 
Strobeck, Spokane.) 

Blue Creek* — The Blue Creek Copper Mining Company, of 
Spokane, has a group of three claims about a mile and a half 
from the Blue creek switch of the Spokane Falls & Northern 
Railway. The three claims join each other end to end, all 
being on the same ledge. The ledge averages about six feet 
wide and strikes northwest and southeast. Assays of $26. 75 
per ton in copper have been obtained. About 300 feet of un- 
derground development work has been done, at a cost of $3,000. 
(J. J. Brown, Spokane.) 
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SPRINGDALE DISTRICT. 

Kemp-Komaf« — The Kemp-Komar Copper Mining Company 
has two claims which are located about six miles north of Loon 
lake. There is one vein 12 feet wide which carries a paystreak 
varying in width from a few inches to 5 feet. It strikes north- 
east and southwest and dips about seventy degrees to the north- 
west. Four car loads of ore have been shipped which averaged 
25.5 per cent, copper, while another car load gave 16 per cent, 
copper. The total values are in copper. A shaft has been sunk 
aoo feet and from the bottom a drift has been run 250 feet. In 
another part of the vein a shaft has been sunk a distance of 40 
feet. One tunnel 60 feet long, another 90 feet, and a drift 20 
feet long have also been driven to develop the ore body. Near 
the surface the ores are carbonates and oxides, except in the 
west workings, at the bottom of which the sulphides replace the 
surface ores. Occasional assays show a small value in gold and 
silver, the highest in gold being $2 per ton, and in silver 6 
ounces per ton. ( L. K. Armstrong, Spokane. ) 

Honest John* — The Honest John Mining Company's group 
of three claims is located about two miles northwest of Spring- 
dale, on the Spokane Falls & Northern Railway. The vein is 
five and a half feet wide and dips to the southeast, with a north- 
east and southwest strike. The values are mainly in silver and 
lead, and assay returns of $40 per ton have been received. In 
the development of the property a tunnel 120 feet in length has 
been driven, several small shafts have been sunk, and some open 
cuts made. (W. O. Applequist, secretary, Spokane.) 

CEDAR CANYON DISTRICT. 

By Wm. S. Thyng. 

Cedar canyon district is located in the southwestern part of 
Stevens county, in an air line twenty miles west of Springdale, 
on the Spokane Falls and Northern Railroad, and thirty-five 
miles north of Davenport, on the Washington Central branch 
of the Northern Pacific. The district is reached from both 
of these places by wagon roads, the length of the road from 
Springdale being twenty-five miles, and of that from Davenport 
forty-two miles. While this district is perhaps not as well 
known as some in the state, it has nevertheless withm the last 
few years produced a large amount of ore. The ore, until late 
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in the summer of 1901, was all shipped by way of Davenport, 
but since the shortening and improving of the road to Spring- 
dale, accomplished during the past season, probably most of the 
ore mined will be shipped from that point until the time comes 
when the district itself will be reached by a railroad. Through- 
out the district the ore is mined wholly for its silver contents, 
although in many cases lead is also saved in the smelting. 

Decf TraiL — The Deer Trail properties, owned and operated 
by the Deer Trail Consolidated Mining Company, are and have 
been by far the largest producers and shippers of ore in the dis- 
trict. The president of the company is Mr. J. D. Chaplin, ad- 
dress, St. Catherine, Canada; Senator W. W. Tollman, Spokane, 
Washington, is vice-president and general manager. The head- 
quarters of the operating department is in Spokane. The com- 
pany owns the following claims in the district: Deer Trail, Deer 
Trail No. 2, Legal Tender, Victor Fraction, Elephant, and Baby 
Elephant. 

There is but one ledge, which has an average width of four 
feet, a strike of south thirty degrees west, and an average dip of 
forty degrees to the southeast. This dip is found to be quite 
variable, ranging from ten to forty-five degrees. The country 
rock or formation is a stratified limestone, which runs northeast 
and dips between eighty and eighty-five degrees to the north- 
west. The vein matter is made up of quartz containing inclu- 
sions of country rock in places. The ore in the upper levels 
consists of highly oxidized sulphurets and chlorides, but it 
passes, however, in depth, to sulphides both of lead and silver. 
Galena, when found, generally averages between 10 and 15 per 
cent; the silver found with the galena running from 50 to 500 
ounces per ton of ore; gold, both in the upper and lower levels, 
is generally found to the amount of $1 to $2 per ton of ore; 
sphalerite (zinc blende) is always found accompanying the 
galena, and in amounts of about 8 per cent, to each 15 per cent, 
of the galena. A pay streak of ore, from three inches to four 
feet in width, with an average of twelve inches, is found, while 
in places the entire vein widens to 12 or 15 feet. The pay 
streak is generally very continuous and shows a good parting of 
gouge, which is almost pure talc. The average value of all ore 
taken out of the mine is about 100 ounces in silver per ton. The 
ore is hand picked on the surface, and part of it spalled; the average 
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value of all ore shipped is 200 ounces in silver and eight per 
cent, in lead. The mine was opened in 1895, and was acquired 
by the present company on the 25th day of January, 1900. The 
vein lies nearly parallel with the surface of the mountain and is 
reached at a number of points by short tunnels. 

The total extent of underground development is about 2,000 
feet, but the area of stoped ground could not be ascertained. 
The ore is mined entirely by hand, the universal method through- 
out the district. About $30,000 has been expended in develop- 
ment and in surface work and improvements, and the estimated 
value of the output to date is approximately $500,000; the ex- 
act amount of ore mined and sold to date could not be ascer- 
tained. The statistics of yield and value are from Senator W. 
W. Tolman, general manager of the mine. 

Silver Queen* — This mine is owned and operated by the Sil- 
ver Basin Mining Company, of which the president is Mr. W. 
O. Van Horn, and the general manager is Mr. L. £. Van Horn, 
both of Fruitland, Washington. This property lies about three- 
quarters of a mile southwest of the Deer Trail. The ledge strikes 
along the magnetic north and south line, with a dip that is usually 
about vertical, the deflection occasionally being to the east or to 
the west. The west wall is remarkably well defined. The ledge is 
in a contact between white and blue limestone, the white limestone 
lying to the east, where the parting between it and the country 
rock is not easily distinguished. The average width of the ledge 
is about six feet. The value of the ore is wholly in silver, which 
occurs largely as brittle silver, although recent developments 
during the past winter, have uncovered a considerable amount 
of native silver along parting planes. The lead contents of the 
vein are very low, but where galena is found, it generally runs 
high in silver, often containing from 500 to 600 ounces to the 
ton. The pay streak varies greatly in thickness, but appears to 
follow most closely the west wall. The gangue matter is chiefly 
dolomite. 

Silver Seal Fraction. — Immediately south of the Silver Queen 
and located upon the same ledge, is the Silver Seal Fraction 
Mine, represented by Mr. F. M. Van Horn, of Fruitland, Wash- 
ington. Upon this properry an adit tunnel 341 feet long has 
been run, cutting the ledge at a depth of about 80 feet. This 
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tunnel was driven and is controlled jointly by the Silver Queen 
and the Silver Seal companies. From this tunnel 204 feet of 
drift has been driven in the Silver Seal, and from this drift con- 
siderable stoping has been done, at one place to a height of 24 
feet. From the point where this drift crosses the property line, 
or end line of the Silver Queen, it has been continued for no 
feet. Upon the Silver Seal property a shaft has been sunk 76 
feet from the surface, which intersects the drift about 20 feet 
south of the tunnel head. This shaft is entirely in ore. Upon 
the Silver Queen a shaft has been sunk, which in September, 
1901, was some 215 feet in depth. Since that time this shaft has 
been continued and connection has also been made with the Sil- 
ver Seal drift. The plan of both companies is to work in the 
future, each from its own shaft, the Silver Queen being already 
equipped with a hoisting plant. The Silver Seal has shipped 
eleven carloads ( about 220 tons ) to the Northport Smelter, via 
Davenport, and in September, 1901, had about 700 tons of ship- 
ping ore upon the dump. The Silver Queen has shipped three 
carloads of ore and has at present something over 50 tons upon 
the dump. 

Brooks* — This is another property of considerable import- 
ance in the district, and is owned by the Brooks Mining Com- 
pany, of which the president is Mr. £. L. Spencer, of Davenport, 
Washington. This company owns three claims in the district, the 
Brooks, Success, and First Adventure, but at the present time is 
operating only the Brooks claim, which is located immediately 
north of the Silver Queen and is supposed to be upon the same 
ledge. The development to date consists of a shaft 75 feet in 
depth, from which 50 feet of drifting has been done, and a tun- 
nel 265 feet in length, completed last season, and which taps the 
ledge at 90 feet depth. This tunnel is driven through a sacchar- 
oidal limestone. The ore is similar to that of the Silver Queen. 
Two car loads of the value of {3,000 have been shipped from the 
drift workings. 



» — Four claims, the Orchid, Laura £., Cyclone, and 
Cornell are owned by the Orchid Mining Company, of which the 
president is Mr. G. W. Kipp, address, Cortez, Pennsylvania, and 
the general manager, Mr. C. L. Young, of Davenport, Washing- 
ton. This property is located about three-quarters of a mile 



12 Annual Report Washington Oeologiccd Survey. 

almost due south of the Deer Trail. The claims cover two 
ledges, which have a north and south strike. The development 
work, consisting of tunneling, drifting, and a short shaft, aggre- 
gates 1,750 feet. Some little stoping has also been done. The 
company shipped three tons of high grade ore in August, 1900, 
to the Tacoma smelter. The ore as found so far consists of 
chlorides of silver and lead, in intimate association, with small 
amounts of brittle silver. 

While the properties above mentioned are probably at the 
present time the largest and most important of the district, there 
are others upon which considerable development work has been 
done and which would seem well worthy of mention. These in- 
clude the Silver Basin, Moonshine, Jolly Boy, Emerald, Hoodoo, 
Hoodoo Extension, Saturday Night, Sunday Morning, Plata Rica, 
and others. 

The district is highly mineralized and many of the ledges 
yield exceptionally good values in silver. As is the case with so 
many of the mining districts in this state, the vexed question is 
that of transportation. With a railroad directly into the district 
a number of properties, now standing idle on account of lack of 
shipping facilities, would at once be placed upon a firm paying 
basis. 



FERRY COUNTY* 



Ferry county lies between the counties of Stevens on the east 
and Okanogan on the west, and embraces a part of the large 
tract that has been commonly known for so many years as the 
"Reservation." Until the present time Ferry county has suf- 
fered because of its isolation, but accessibility to it will be largely 
increased by the two railways which are now being constructed 
into the heart of the county, the local terminal point of each 
being Republic. 

In its topography Ferry county is interesting although simple. 
The county has on its southern border the winding valley of the 
Columbia, and on its eastern border the valleys of the Columbia 
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and the Kettle. A broad continuous valley extends north and 
south through the central part of the county, made by the Saa 
Foil river and Curlew creek, both heading near together in the 
neighborhood of Republic, but flowing in opposite directions. 
Between the valley just mentioned and that part of the Columbia^ 
Kettle is a north-south ridge or watershed rising about 4000 feet 
above the main valleys. To the westward of the San Poil-Curle^r 
valley the surface rises gradually to the western border of the 
county, and beyond it until the Okanogan divide is attained. On 
the whole the topography of the county is characterized by broad 
vtUeys aad rounded hills, rather than by canyons and mountains; 
it is nn old topography rather than a new one. The grades are 
so moderate that roads are easy of construction in practically aU 
parts of the county. Along the sides of the larger valleys ter- 
races rise one above another, the uppermost one being often 600 
feet above the stream below. Across the valleys in occasional 
instances the moraines inherited from glaciers have formed slight 
dams, producing small shallow lakes. 

Although Ferry county has an average rainfall of but fifteen 
inches per year, still all the higher parts of the county are covered 
by a good forest growth. In the northeastern part of the county, 
on the higher divides adjacent to the Columbia and the Kettle 
rivers the groves of pine, tamarack, and other evergreens are 
very fine and assume considerable commercial importance. In 
the valleys, and on the lower hills, the decreased r^tinfall doea 
not admt of the growth of trees, but a luxuriant bunch^gras^. 
growth is found instead. The drainage of the county is alto^^etbeir 
into the Columbia, the two chief tributaries of that stream being, 
the Kettle and the San Foil. The small streams of the county 
head for the most part among the granite and crystalline rocks,, 
and are conspicuous for their purity and freshness. 

As to the geological features of the county it may be noted in 
a general way that granite, gneiss, schist, and crystalline lime- 
stone are the prevailing formations, with some intrusive and ex- 
trusive rocks of a late age. A broad belt of granite, flanked by 
gneiss, schist and crystalline limestone, lies immediately to the 
westward of the Columbia and Kettle rivers, and extends from 
the southern to the northern limits of the county. A parallel 
belt of similar rocks is found along the western side of the county. 
About Republic there is an area limited to a few square milea 
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where conglomerates, sandstones, and shales of Eocene age 
occur. In several parts of the county extensive sheets of lava, 
chiefly basalt, are found, which are of late origin ; in some in- 
stances dikes of intrusive matter are prominent, and many of the 
veins of ore have some connection with these. 

At many places in Ferry county metalliferous deposits occur, 
and there is no part of the county but what could be termed 
good prospecting ground. Wherever the base ores occur devel- 
opment work has not progressed very rapidly because of the 
difficulties encountered in removing the ores to points of treat- 
ment ; on the other hand wherever ledges of quartz are found, 
especially those which hold out promises of being free-milling, 
development work has proceeded more rapidly. The large 
quartz edges about Repubhc, from which some high assays 
were had of the surface croppings, have attracted a great deal 
of attention from the date of their discovery. About Curlew, 
Empire and Belcher mountain, in the northern part of the 
county, and in the vicinity of Keller, in the southern portion of 
the county, a large amount of development work has been done 
on the ore deposits found thereabouts. 

REPUBUC DISTRICT. 

The Republic district is located toward the western side of 
Ferry county, and a little to the northward of the north-south 
midway point. The district has an approximate length and 
width of eight miles each, and lies immediately about the con- 
fluence of Granite creek with the San Foil. The town of Re- 
public lies at the center of the district, and is easily reached by 
good roads from the north, east, south and west. The regular 
stages connect daily with the Spokane Falls & Northern trains 
at Myer's Falls, and with the Canadian Pacific trains at Grand 
Forks, each of these points being approximately 42 miles from 
Republic. Two railways are now building to Republic, both 
coming from the northward via the Kettle river and Curlew 
creek. These roads will be in operation by the spring of 1902. 

The region immediately about Republic is one of compara- 
tively low relief, the hills possessing rounded forms and gentle 
slopes. The soil has accumulated to a considerable thickness, 
almost completely hiding the bed rock except along the stream 
courses and on an occasional steep hill slope. Some of the hill 
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slopes are bare of trees, but the most of them are forest covered. 
The snowfall is not heavy, so that the precipitation, which 
amounts to about 15 inches per year, occurs chiefly in the form 
of rain. 

The oldest rock formations represented about Republic are 
certain schists, gneisses and crystalline limestones, into which 
large masses of granite have been thrust. After the intrusion 
of the granite there was a long period of erosion, followed by 
the formation of lake basins, one of which existed in and about 
the Republic district. In this lake deposits of clay, sand and 
conglomerate were made, which in time were hardened into 
rock. By the fossil leaves found in the sediments the lake beds 
are known to be of early Tertiary (Eocene) age. After the de- 
position of a considerable thickness of these sedimentary beds 
they were greatly disturbed and tilted at various angles by in- 
trusions of porphyritic andesite. Since the dislocation of the 
stratified rocks they have been largely removed by erosion, but 
in the town of Republic and at several points to the northward 
remnants of them may be easily found. The andesite mentioned 
above is, of a dark gray color, somewhat soft, and easily disinte- 
grated. It is the most frequent rock met with immediately 
about Republic, and the principal quartz ledges are found 
within it. 

The general course of the veins of ore is north and south. 
Occasionally there is some modification in direction, as along the 
northern border of the district where the ledges run more to the 
northeastward and southwestward. As a rule the ledges are un- 
usually wide, with great persistency in length, and as far as the 
eye can see are composed wholly of quartz, with a very little 
calcite. The quartz is nearly pure white, with occasionally some 
very narrow black bands within it. It is very tough, hard to 
break, and posses a well-marked conchoidal fracture. It appears 
to be wholly devoid of the sulphide minerals, and even m the 
richest ore the free gold is rarely or never seen even with a strong 
magnifier. 

Various plans of treating the Republic ores have been tried, 
but the only very satisfactory results have been those obtained 
by smelting, and it is not unlikely that this will be the method 
employed in the future. In the matter of the extraction of gold 
from the ores of the district it is interesting to note that in a 
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paper read before the American Institute of Mining Engineers, 
at Washington, D. C, February, 1900, Messrs. T. M. Chatard 
and Cabell Whitehead state the results of experiments -made in 
the chemical laboratory upon Republic ores. The object of their 
investigations was to explain the well known low percentage of 
gold-extraction by amalgamation. After making numerous tiests 
of the ore, they finally arrived at the following method : 

*^ A sample of the coarse ore was finely pulverised, and the metallie 
iron present removed by a magnet. Ten grams were then digested on 
the water-bath for one hour with hydroohloric acid, diluted with an 
equal bulk of water, and then filtered. . The washed residue was then 
digested with a hot solution of sodium carbonate to extract any silica 
rendered soluble by the acid treatment, while the acid solution was 
evaporated to dryness to reoover any dissolved silica. The solution was 
then analysed by the usual methods, and the complete results were as 
follows. 



Insoluble residue. 97.11 Zinc 

SolublesiUe* 81 Lime .OOS 

▲liunlns. M MsgaesU traoe 

Ferricozlde 40 Sulphur 00l> 

Ferrous (Mdde. 29 Phosphoric Mid OIB 

Copper. .016 Water LSD 

Total 100.1A^ 

*'*' This analysis indicates that the material which envelopes the gold 
and prevents its dissolving in the cyanide consists mainly of hydrated 
oxides of aluminum and iron, since the amount of * soluble ' silica is ia- 
sufficient for any known combination with the bases, even if we suppose 
that all of it was originally so combined. * * • 

^^ As a rule, the gold and silver in these ores are in the form of very 
minute particles, and these appear to be so enveloped in the slimy hy- 
drates as to be floated off by the water when the ore is panned; the hy- 
drates also forming a coating impervious to cyanide solutions. When 
the ore is treated with acid the hydrates are dissolved, and the gold, 
thus set free, is easily collected in the pan. The action of heat by driv- 
ing ofiF the water of hydrates, leaves the oxides in a brittle and porous- 
condition, 60 that they either separate from the gold or permit the cy- 
anide solution to reach and dissolve it. Calcium has, however, the re- 
verse effect upon the silver, as the extraction of this metal was always* 
less after the ore had been heated than before, due probably to the con- 
version of sulphide of silver into metallic silver, which is less easily 
soluble in cyanide than the sulphide." 

Although a large amount pf development work has been done 
upon very many properties in the district, lack of space forbids 
the description of all but a few of the more prominent mines. 

Republic* — This mine, now owned by the Republic Consoli- 
dated Gold Mining company, is the best developed property iiL 
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the Republic district. It is located at the southern limits of the 
town of Republic^ on the western side of Granite creek. 

The ledge outcrops on the summit of a sharp ridge which 
rises about 700 feet above the bed of the stream. It has a north 
and south strike, with a dip to the eastward of about 80 degrees. 
The foot-wall is a porphyritic andesite, while the hanging wall is 
conglomerate, overlaid by sandstone. At the surface the vein 
varies in width from four to twenty-four feet. 

In the development of the ledge three tunnels were driven 
from the eastern hill slope through the sandstone and conglom- 
erate until the vein was reached and cross-cut. The lowest or 
mill tunnel has a length of 2,225 ^^^^9 ^^^ cuts the ore body 600 
feet below its outcrop. This tunnel is on a level with the upper 
landing floor of the mill, and is the one now used altogether in 
the working of the mine. From the cross-cuts, or points where 
the tunnels penetrated the vein of ore, drifts have been made in 
both directions for considerable distances. From these drifts 
winzes and raises have been driven until the ore body has been 
thoroughly prospected. As a result of the underground work it 
has been found that within the vein there exists a well-defined 
ore shoot which extends downward from the widest point of out- 
crop to the lowest point reached, viz., the 600-foot level. This 
ore shoot is roughly lenticular in form, has a width of fully thirty 
feet at its center, gradually becoming narrower when followed 
either way along the strike of the vein. The ore shoot does not 
stand vertical, but dips to the southward at an angle of about 60 
degrees. 

The ore varies very greatly in value throughout the ledge. 
Large bodies of quartz have been found of a value too low to 
pay the cost of mining and reducing. On the other hand pay 
streaks of extraordinary richness have been discovered. Barren 
quartz and rich quartz all look so nearly alike that only by re- 
peated assays can the miner know in what kind of ore he is 
working. The ore contains about 90 per cent, of silicia, with 
some alumina, iron oxide and lime. No traces of arsenic, anti- 
mony, copper or lead are found. The quartz is as a rule very 
white, although sometimes it is banded and somewhat resembles 
onyx or agate. 

The best grade of ore which is taken from the mine is mostly 
shipped to the smelters at Everett and Tacoma. The ores of 

2— II 
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lower grade are treated at the mill owned by the Republic Re- 
duction Company, which is located at the mouth of the lowest 
tunnel, on the bank of Granite creek. This mill is described 
under the title of Reduction Plants. In two and one-half years 
the Republic mine has paid dividends to the amount of $382,500. 

Mountain Lion* — This mine, next to the Republic, is the best 
developed property in the district. It is situated about two 
miles northwest of the town of Republic. On the property 
there are three parallel veins, with a north and south strike. 
The central one is the principal vein, and the one upon which 
the most development work has been done. It occupies a fis- 
sure in porphyritic andesite, and has a dip to the west of about 
80 degrees. 

The ledges have been developed by a long tunnel which cuts 
through the three veins at a depth of about 300 feet below the 
surface ; by a double compartment shaft, 300 feet deep, which 
connects the end of the tunnel with the surface above, and by 
drifts, cross-cuts, winzes and raises which represent in totality 
several hundred feet. 

In the main vein the development work disclosed the pres- 
ence of an ore shoot 600 feet long, and of a depth not yet deter- 
mined. At its widest point it measures 18 feet, occasionally 
being reduced to 10 or 12 feet. The vein filling is apparently 
all quartz, often resembling flint or hornstone, and usually very 
compact. Within it there are many small cavities lined with 
quartz crystals. At most places the walls of the vein are quite 
distinct, but sometimes the ore is frozen to the walls and does 
not break off readily. Gold constitutes the chief value in the 
ore, occurring free, but in an exceedingly fine state. Silver 
occurs sparingly, one or two ounces per ton being present. No 
leaching has taken place in the vein, the surface assays being as 
high as those at a depth. The east vein has a width of seven 
feet, its depth and length as yet undetermined. Some sulphides 
are present in this ledge, At the 150-foot level the ore is much 
oxidized. This ledge has a dip of 60 to 70 degrees westward, 
and may come into the principal vein at depth. At the surface 
the two ledges are 160 feet apart. 

The 100-ton mill which has been erected to treat the Moun- 
tain Lion ore is fully described under the heading Reduction 
Plants. 



The Metalliferous Resources of Washington. 19 

Tom Thumb* — The Tom Thumb mine is located one mile 
east of the Mountain Lion mine and more directly north of Re- 
public. One vein of ore is being developed. It has a northeast 
and southwest strike with a dip of 45 degrees to the southeast. 
The ledge has walls of porphyritic andesite, and measures on an 
average eight feet from wall to wall. The vein filling is quartz, 
very closely resembling the Republic ore. Eight or nine ounces 
of silver are present with each ounce of gold. 

The development work consists of a shaft, with many drifts, 
cross-cuts, and winzes, aggregating in all 1,500 feet, and having 
cost with the mine machinery about $80,000. The main shaft 
reached the ledge at a depth of 255 feet, the first 215 feet being 
in sandstone and shale, the last 40 feet in porphyry. The mine 
machinery consists of a 100 h. p. boiler, an 8-drill compressor, 
and a 45 h. p. hoisting engine. 

Qttilp* — This mine is located at the northern border of the 
older part of the town of Republic, or Eureka as it was once 
called. The Quilp is at the southern end of a prominent north 
and south ledge, lying parallel with, and on the east side of. 
Eureka gulch. This ledge is easily traced northward through 
six claims, or for a distance of about 9,000 feet. Throughout it 
has walls of porphyritic andesite. 

At the Quilp mine the ledge has a dip to the eastward of 
about 45 degrees, and a width varying from 3^ to 5 feet. The 
development work consists of about 2,637 ^^^^9 represented by a 
shaft, with several drifts, cross-cuts, winzes, etc. Ore to the 
extent of 754 tons has been sold, for which $13,142 have been re- 
ceived. The values are altogether in gold and silver, the gold 
varying little in amount from the surface downward, while the 
siver values constantly increase. In the lower workings about 60 
per cent, of the total value is in gold, and 40 per cent, in silver. 
The mine machinery consists of a 7-drill compressor, boiler, 
hoisting engines, pumps, etc. About $85,000 has been spent in 
developing the property. 

Lone Pine-Surprise* — This mine is located on the same ledge 
as the Quilp and immediately to the northward. The strike of 
the vein continues northward and southward with a dip to the 
east. The width of the ore body varies from 2 to 16 feet. The 
ore is not dissimilar in appearance from that of the Republic 
mine. It contains about 5 ounces of silver to each ounce of gold. 
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Four hundred and twenty-three tons of ore have been sold for 
which ^5,638 were received. The underground development 
work aggpregates altogether 3>285 feet. Up to date]]the cost of 
all work done upon the property amounts to ^81,125. 

Black TaiL — This mine is located on a ledge parallel with 
and to the east of the Quilp-Surprise ledge, and distant from it 
about 400 feet. The Black Tail ledge varies in width from 3 to 
8 feet. The dip is very irregular as descent is made. The walls 
are in the main distinct, but the quartz is often frozen to the 
walls. The quartz often extends as stringers into the adjoining 
andesite. The vein shows a banded structure that is more pro- 
nounced than usual. Thin seams of clay often occur in cracks 
in the quartz. At the southern end of the Black Tail claim the 
ledge splits into two parts, one part turning to the left very 
sharply, the other to the right less sharply. Five stringers come 
into the ledge from the east, the largest one having a maximum 
width of three feet. 

Assays of the ore show that 10 ounces of silver are present 
for each ounce of gold. About 300 tons of ore have been sold, 
aoo tons at ^13 per ton, and 100 tons at ^20 per ton. About 
2,000 feet of development work has been done. The estimated 
cost of all work done upon the property, outside and inside of 
the mine, is placed at $50,000. 

San PoiL — The San Foil mine is located at the southern end 
of a ledge which is found on the west side of, and parallel to. 
Eureka gulch. This ledge has been traced northward for about 
a mile. On the San Foil property the ledge has a strike of north 
30 degrees west, and a dip to the eastward of about 80 degrees. 
The ore occurs in distinct lenses or shoots, which reach a maxi- 
mum thickness of 8 feet. While the vein filling is largely quartz, 
there is more calcite present than is usually found in the Repub- 
lic veins. Within the ledge an occasional horse is encountered, 
and one small fault occurs. The walls are well defined, and 
very firm, so that only a small amount of timbering is required. 
About 2,aoo feet of underground work has been done. Of ore 
200 tons have been sold, for which $13 per ton were received. 

Ben Htir« — This mine is located immediately to the northward 
of the San Foil, and on the same ledge. This ledge shows, 
prominently at the surface, and is easily followed. The surface 
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ore is scarcely weathered and there has been but little leaching. 
On the Ben Hur the ore occurs in distinct shoots, with areas 
between of broken wall rock seamed in all directions with string- 
ers of quartz. The ore shoots vary in size, averaging in width 
from 6 to 8 feet, and one of them was found to be 8o feet long. 
The ore is chiefly quartz, banded, and usually frozen to the 
walls. The gold and silver contents are found in the propor- 
tion of one ounce of the former to five ounces of the latter. 

EI Caliph* — This mine is located north of Granite creek, 
about one and one-half miles northwest of the town of Republic. 
The ledge has a strike of north 70 degrees east, and a dip to the 
southeastward at a very high angle. It is a quartz ledge between 
walls of porphyritic andesite, var3ang in thickness from one to 
eighteen inches, averaging about eight inches. The ore is much 
iron stained at the surface, and sulphides will no doubt be found 
beyond the zone of surface alteration. Free gold may often be 
seen in the surface specimens. Eighty-five tons of ore have 
been sold, yielding ^9,000. Only a very small quantity of silver 
occurs in the ore. Very little development work has been done 
upon the property, about 450 feet in all, represented by a tun- 
nel and a shaft. 

Momins; GIory« — This mine is located immediately to the 
westward of the El Caliph, and is presumably upon the same 
ledge. The vein has a northeast and southwest strike, and a 
dip of 45 degrees to the northwestward. The ore here is of a 
high grade, 55 tons having been sold for 113,807. Tellurium is 
found, indicating the presence of tellurides of gold and silver. 
About 1,700 feet of development work has been done, at an esti- 
mated cost of 139,000. 

Princess Matid* — This mine is located on the mountain side 
west of the San Poil, and very near the Republic mine. The 
ledge has a north and south strike with an eastward dip of about 
65 degrees. It varies in width from 2^ to 5 feet, with an aver- 
age of about 4 feet. The walls are of porphyritic andesite, and 
very well defined. The values are in both silver and gold, the 
former being somewhat in excess. A pay streak at the 50-foot 
level is being developed which averages in value about I24 per 
ton. The development work to date consists of 488 feet of tun- 
nel, a winze of 425 feet, and a drift 710 feet long. The greatest 
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depth reached is 625 feet. Steam power is employed, the equip- 
ment consisting of a Leyner two-drill comprpsor, Rand drills, 
boiler, etc. Up to date about ^52,000 has been spent in devel- 
oping the property. 

Butte and Boston* — This property is located upon the same 
ledge as the Princess Maud. The ledge has here also a north- 
south strike and an eastward dip. The width of the vein aver- 
ages 6 feet. The average assay value of the ore is about {16 
per ton, 1 14 of which are in gold. About 1,060 feet of under- 
ground development work has been done, consisting of two 
shafts, one 265 and the other 75 feet ; two tunnels, one 285 and 
the other 35 feet, and drifts aggregating 400 feet. About ^30,000 
have been spent upon the property to the present time. 



LINCX>LN COUNTY* 



Lincoln county lies practically altogether within the domain 
of the Columbia basalt, a formation in which metalliferous veins 
do not occur. Along the northern boundary of the county, how- 
ever, especially near the confluence of the Columbia and Spokane 
rivers, metamorphic rocks appear which were never covered by 
the lava, and in these veins of ore occur. A brief description of 
' one of the mining properties of the district is here given. 

CrystaL — In the spring of 1896 the Crystal Mining Com- 
pany, of Spokane, began work upon two ledges located one and 
one-half miles to the eastward of the mouth of the Spokane 
river. One of these ledges is nine feet, and the other eight feet, 
in width. Each has a northeast and southwest strike. In the 
development of the property three shafts have been sunk having 
an aggregate depth of 425 feet; drifts have also been driven to 
the extent of 540 feet. The average assay value of the ore is 
about I40 per ton in silver and lead. About 500 tons of ore lie 
on the dump ready for shipment. The company has a 32 h. p. 
hoisting engine and a 50 h. p. boiler. The total cost of all de- 
velopment work is estimated at ^28,000. (John Gray, manager, 
Spokane.) 
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OKANOGAN COUNTY* 



Okanogan county lies north of Chelan and Douglas counties 
and west of Ferry. It is one of the largest counties in the state 
and the one farthest removed from railway facilities. It pos- 
sesses no features, however, which would make railway construc- 
tion impossible anywhere throughout the length and breadth of 
the county. 

In its topographical aspects Okanogan county is characterized 
by considerable diversity. In a general way the southern and 
eastern parts of the county are regions of broad valleys, rolling 
hills and level plateaus ; the northwestern portion of the county 
is a district of high mountains, being typical of the rugged parts 
of the Cascades. The Okanogan river is a very sluggish stream 
flowing in an old valley remarkable for its breadth. The Met- 
how, especially in its lower reaches, also flows in a broad, fertile 
valley, and is bordered by rolling hills. Glaciers have passed 
down both the Methow and Okanogan valleys and have left 
traces of their former presence in the shape of terraces and mo- 
raines. The lower parts of Okanogan county along the Columbia, 
Okanogan, and lower Methow rivers, possess a rainfall which 
does not exceed ten inches per year, and as a consequence 
desert-like conditions prevail and agriculture may be carried on 
only by the aid of irrigation. In those parts of the county pos- 
sessing a greater altitude, notably the northern and northwestern 
portions, the country is forest clad. The western portion of the 
county is very well forested and is included within the Washing- 
ton forest reserve. 

Okanogan county is largely a region of ancient metamorphic 
rocks, with large areas of granite. At several places in the county 
there are small areas of sedimentary rocks which represent the 
later geological times. These areas are small because they rep- 
resent deposits made in former lakes. In both the older meta- 
morphic rocks and the younger sedimentaries there have been 
many intrusions of igneous rock of various kinds which tend to 
complicate the geological structure. 

In nearly all parts of Okanogan county veins of ore occur, 
many of which are of economic importance. Development work 
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upon the ore bodies has been in progress for several years, in 
most instances with gratifying results. The ore for the most 
part is such that requires smelting in order to extract the precious 
metals, although some free gold occurs. The absence of easy 
shipping facilities has militated against the rapid development 
of the mines. The principal mining districts in the county are 
those of Wauconda, Myers Creek, Palmer Mountain, Conconully, 
Moses, Upper Methow, Twisp, and Squaw Creek. 

VAUCX>NDA DISTRICT. 

This district is located near the eastern boundary of the 
county, about twenty miles south of the international boundary 
and twelve miles northwest of Republic. It is situated at the 
headwaters of Granite creek, a stream which unites with the San 
Poil at Republic. The district is practically upon the north- 
south divide which separates the eastward flowing streams from 
those whose courses are westward to the Okanogan. The topog- 
raphy of the district is not of the rugged type, the hills and ridges 
being low and as a rule possessing rounded forms. The yearly 
precipitation is low, but of a quantity to support a moderate 
forest growth. The trees are not large and do not stand very 
close together, yet the timber is in sufficient quantity to meet the 
requirements of large mining operations for many years. 

The oldest rocks of the Wauconda district consist essentially 
of gneiss, schist, crystalline limestone, slate, and other meta- 
morphics which have been greatly dislocated by intruded masses 
of granite. Both the metamorphic rocks and the granite often 
contain within and upon them intruded and extruded masses of 
porphyritic andesite, and basalt. Some of the hills are capped 
by horizontal layers of basalt, which seems to have been the last 
rock outpoured. Granite constitutes the axis of the divide above 
mentioned. Going eastward from the granite one passes over 
gneiss, schist, and slate, in beds dipping very steeply to the east- 
ward. To the eastward of the metamorphics a small intrusion of 
granite is next encountered, followed by porphyry and basalt. 

The ore bodies of the Wauconda district which occur for the 
most part as fissure veins in the metamorphic rocks, are charac- 
terized by their great size. The vein filling is quartz, with a little 
calcite, carrying free gold in a very fine state. In most respects 
the ore does not differ essentially from much of the ore found in 
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the Republic district. The Wauconda district takes its name 
from the mine of that name which was the first located, and is 
now much the best developed, in that locality. 

Watioonda# — The Wauconda property consists of thirty-two 
claims, twenty-two of them in the main g^roup near the town of 
Wauconda, and ten in another group about three miles distant. 
On the property there is a series of wide parallel veins, having a 
strike a little west of north, and traceable for considerable dis- 
tances. The two main ledges are the Oregonian and the Wau- 
conda. The main tunnel, No. 5, which runs almost due west, 
nearly at right angles to the vein, struck the former ledge about 
700 feet from the mouth, and left it at 770 feet, while the face of 
the tunnel, at present 1,025 feet in, indicates that the Wauconda 
ledge is near at hand. These ledges or mineralized zones, pre- 
sent a very remarkable condition in the magnitude of the miner- 
alized portion of the mountain. The veins run about 30 degrees 
west of north and dip about 60 degrees, the hanging wall being 
to the east. Where the mam tunnel, which is about 500 feet 
below the apex of Wauconda mountain, cuts through the first 
mineralized zone the vein has a width of 152 feet. While most 
of this is very low grade ore, yet assays never fail to show 
some gold throughout its extent. One portion o^ this, of solid 
quartz from ten to fifteen feet in width that has been drifted upon 
both north and south, shows values of from |io to {20 per ton. 

The Oregonian ledge, the one which is at present best devel- 
oped, is encountered in the tunnel at 570 feet and is not passed 
through until 770 feet is reached. The portion of this from 570 
to 700 feet is low grade like the first ledge and is composed of 
mixed quartz and the slaty country rock. Solid quartz, how- 
ever, commences at 700 feet and continues to the foot wall. 
The 40 feet of ore from 700 to 740 feet is the main ore body of 
the mine. This has been drifted upon to the northward and the 
southward from a chamber which has been cut at a distance of 
726 feet from the tunnel mouth. The south drift has been ex- 
tended 50 feet, and the north drift 80 feet, thus opening up the 
ledge for a length of 130 feet. The ore from this ledge has been 
very thoroughly sampled by small average assay samples, and 
again by 50 and 100 pound samples worked in the sampling 
mill. The values obtained varied from $s to {50, but the 
greater number ranged from |io to I20; a general average of 
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|i2 for the part of this ore body already in sight is conservative. 
The different portions of the ledge opened up by the drifts show 
a fairly uniform quality and value of ore. 

It is expected that the main tunnel will very soon reach the 
Wauconda ledge. This ledge is partially developed by tunnel 
No. 4 at about 250 feet below the top of the mountain. In this 
tunnel drifts have been made on the ledge aggregating 215 feet 
and two cross cuts have been driven, one westward to the foot 
wall, 28 feet, and eastward 56 feet toward, but not reaching, the 
hanging wall. The values encountered were very satisfactory, 
especially toward the hanging wall. Tunnel No. i developed 
the Oregonian ledge near the surface, as No. 4 did the Wau- 
conda ledge, and as shown by these two tunnels the latter ledge 
is richer. Therefore it is expected that when the main tunnel 
encounters the Wauconda ledge it will prove to be another ledge 
of as great magnitude and value as the Oregonian ledge already 
described. Besides these ledges, three other large ones have 
been prospected on the property which the tunnel will even- 
tually develop. The mill which has been erected to treat the 
ores from the Wauconda mine is described under the section 
headed Reduction Plants. 

MYERS CREEK DISTRICT. 

This district lies in the northeastern part of the county, in 
the drainage basin of Myers creek, and round about the small 
towns of Chesaw and Bolster. The surface of the country is that 
of a plateau, having a height of 3,000 to 4,000 feet above the sea, 
with low hills and ridges lying upon it. The slopes are so gentle 
that a deep soil has accumulated and outcrops of bed-rock are of 
rather uncommon occurrence. The soil is very fertile and sup- 
ports a rich growth of bunch-grass, the precipitation not being 
large enough to induce forest growth except upon the higher 
hills. 

The rock formation is chiefly granite, with different varieties 
of eruptive rocks. Some of the ore veins are associated with 
eruptive masses of serpentine. The ore bodies of the district 
are usually made up of the common sulphides, iron pyrite, chal- 
copyrite, galena and sphalerite, with quartz and calcite as the 
gangue minerals. The ore is of a character that requires smelter 
treatment in order to obtain the values, which consist of gold 
and silver with a little copper. 
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Monttfey* — This property, belonging to the Monterey Gold 
Mining Company, is located three miles south of the international 
boundary line and four miles west of the Ferry county line. The 
ledge reaches a maximum width of 35 feet, and carries gold, silver, 
copper, and lead. The best ore yields assays varying from I50 
to I85 per ton. The ore contains a considerable quantity of iron 
and lime, making it to a certain extent self-fluxing when smelted. 
A main tunnel 728 feet in length has been driven, striking the 
vein at a vertical depth of 300 feet. Several shafts have been 
sunk and a number of drifts made, bringing the total amount of 
development work up to 1,000 feet. (M. M. Walsh, superin- 
tendent, Oakesdale.) 

Yakima* — This property is located near Chesaw and belongs 
to the Yakima Mining and Milling Company. The ore is found 
in serpentine, either disseminated through it or occurring in 
ledges. The ledges are several in number, with parallel courses, 
and as a rule are but a few inches in width. The largest vein 
varies from four to six feet in width, and contains bands of solid 
ore. The metallic minerals are chalcopyrite, galena, sphalerite, 
and iron pyrite, carrying gold and silver. The veins have an 
east and west strike with a southward dip of 25 degrees. 



\ — The Review Gold Mining Company, of Spokane, 
has two claims located near Bolster. The ore body lies between 
walls of granite and slate. The metallic minerals consist chiefly 
of chalcopyrite and iron pyrite, with quartz and calcite as gangue 
minerals. The development work consists chiefly of two tun- 
nels which have been driven on the vein, one having a length of 
360 feet, and the other a length of 813 feet. There is a large 
amount of ore on the dump. A smelter test of 50 tons taken 
from various places on the ledge is said to have given an aver- 
age assay of 1 17. 20 per ton, the principal value being in gold. 

Mary Ann Creek Placers. — On Mary Ann creek, a small 
stream emptying into Myers creek near Chesaw, placer gold was 
discovered in 1888, and the placers have been worked in a small 
way ever since that date. Fourteen claims are located on the 
creek, nearly all of which are worked each season. The gold 
occurs from the grass roots downward through the washed gravel 
to bed rock. About four feet above bed rock a seven-inch seam 
of clay occurs, immediately above which the gravel is richer 
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than elsewhere. The gold is coarse, no mercury is used, and 
nearly all of the gold is caught in the first riffle. No trees or 
tree-roots are found upon the claims, and hence the ground is 
easily worked. 

PALMER MOUNTAIN DISTRICT* 

In this report Palmer mountain district is made to include 
that part of Okanogan county lying between Okanogan river 
and Gold hill, and from the international boundary to the vicin- 
ity of Loomis. This district came into prominence a number of 
years ago because of the large bodies of quartz which it con- 
tains, but development work has been hampered by the long 
haul from the railroad that is necessary in order to secure min- 
ing supplies and machinery. In spite of every obstacle, how- 
ever, work on many properties has been steadily carried on, so 
that in the total amount of its development the district is ex- 
ceeded by but one or two others in Washington. 

Palmer mountain, having a height above the bordering val- 
leys of about 4,000 feet, occupies the central part of the district. 
This mountain has a very broad base, and slopes so gentle that 
wagon roads are easily constructed upon all sides of it, except 
the west. Palmer mountain is surrounded by broad, low valleys, 
the Spectacle lake depression lying at the southern foot, the 
Wannicutt lake basin at the east, with Simlahekin creek and 
Palmer lake as the western boundaries, and the Similkameen 
river skirting the mountain on the north. To the west of Pal- 
mer mountain, and beyond the valley of the Simlahekin and 
Palmer lake, lies Gold hill and Mount Chapaca, two of the 
bolder outliers of the Cascades. The region under considera- 
tion has a rainfall of but ten to fifteen inches per year, and as a 
consequence the higher parts only are forested, the remaining 
areas being covered with bunch-grass and sage brush. 

Palmer mountain district is a region of old metamorphic 
rocks, mainly schist, slate, gneiss, quartzite and crystalline lime- 
stone. These formations show conspicuously from about the 
middle of Palmer mountain eastward to the Okanogan river. At 
some places, notably at White Rock bluffs, unmetamorphosed 
sedimentary rocks occur, consisting of conglomerate, sandstone, 
slate and limestone. These beds are seemingly non-fossilifer- 
ous, but from their lithologic resemblance to rocks of determined 
age found to the east and to the west of them, they are doubtless 
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of early Tertiary age. Eruptive rocks are very common, mainly 
granite and diorite, with different kinds of porphyry. Gold 
hill is a mass of granite, with intrusions of porph3rry. The 
western half of Palmer mountain to the metamorphic contact 
above noted, is made up of diorite, seamed with porphyry dikes. 

The ore veins are essentially of two kinds, quartz veins, and 
those in which the sulphide minerals predominate. The quartz 
veins usually carry free gold at the surface, but this disappears 
with depth and sulphides make their appearance. In some 
cases enough quartz bearing free gold has been found to warrant 
the establishment of stamp mills, several of which are found in 
the district. The sulphide veins consist mainly of pyrrhotite, 
iron pyrite, sphalerite, and chalcopyrite, with calcite and quartz 
as gangue minerals. These veins carry both gold and silver, 
the former afiording the larger amount. 

In the Palmer mountain district the mining claims have been 
segregated into large groups, which are controlled and operated 
by difierent companies. This arrangement is made possible by 
the fact that parallel ledges often occur so near together that it 
is advantageous to develop them as a group. 

Palmer Mountain* — The Palmer Mountain Gold Mining and 
Tunnel Company's group of fifty-six claims forms a compact 
body on the southwest slope of Palmer mountain, near Loomis, 
and extends from the base to the summit of the mountain. In 
the development of this property a main tunnel eight by nine 
feet in cross section, has been driven in from the base of the 
mountain, a distance of 4,000 feet. This tunnel is perfectly 
straight and with no more slope than is necessary to secure good 
drainage. At the end of the tunnel a vertical depth of 1,400 
feet has been attained. The tunnel is all the way in diorite, ex- 
cept for the dikes which were passed through. In the 4,00a 
feet of tunnel twenty-eight veins of ore were cross-cut, a num* 
ber of which are small and which do not appear on the surface. 
Parallel with the dikes, which are older than the veins, are cer- 
tain shear zones where the rock is much broken and a schistosity 
is developed. The shear zones are mineralized, which probably 
took place at the time when the veins were formed. 

The power plant of this company is located near the mouth of 
the tunnel, and consists of an Ingersoll-Sargeant air compressor, 
air receivers and pipes, three air drills, a 55 h. p. boiler, a 
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40-inch blower and exhauster driven by a 19 h. p. engine, with 
the necessary blacksmith and machine shops. On Toats Coulee 
creek, about a mile and a half from the mouth of the tunnel, the 
company owns a water power capable of developing 3,000 h. p. 

Gold HilL — This mine is located on Gold hill about three 
miles west of Loomis. The company owning this mine have al- 
together eighty-six claims, upon which a number of ledges are 
found. At the present time the development work is being done 
largely on one vein, which has an average width of about four feet. 
This vein has a northeast and southwest strike and a dip of 75 
degrees to the northwest. It is a true fissure vein with walls of 
granite. The vein is filled with massive quartz, occasionally 
banded with iron pyrite, chalcopyrite, galena, sphalerite, and 
copper carbonate, carrying gold and silver. About 4,000 feet of 
underground development has been done, consisting of drifts and 
crosscuts. Water power is employed to run a 50 h. p. com- 
pressor and the saw mill. To secure the proper fall a Hume four 
by four feet in cross section and one mile long has been con- 
structed along the side of Toat's Coulee creek. 

Golden Zone* — The Golden Zone mine is located on the 
Similkameen river, sixteen miles north of Loomis, and three 
miles from the British Columbia boundary. On the property 
there are three parallel ledges which outcrop on the face of a 
granite cliff, which fronts the valley. The one ledge which is 
being developed has a northeast and southwest strike, with a dip 
to the northwest varying from 45 degrees to 80 degrees. The 
vein when followed along its course widens and narrows, vary- 
ing from a few inches to four feet in thickness. The ore body 
consists of quartz carrying chalcopyrite, galena, iron pyrite, 
molybdenite, and a little free gold. A large amount of ore has 
been removed from the mine and treated in the stamp mill at the 
foot of the mountain. Whatever free gold the ore contains is 
caught on the plates, while the cencentrates are shipped to 
Everett and Tacoma. 

Bull Ffos;« — On the summit and west slope of Palmer 
mountain and the west slope of Little Mount Chapaca, there is 
a group of fifty-one claims belonging to the Bull Frog Gold 
Mining Company. Most of the claims were located about 1889, 
and active development has been carried on from 1893 to the 
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present time. Eight veins have had more or less done upon 
them. They vary in width from eighteen inches to twenty-five 
feety and strike northwest and southeast. The total amount of 
underground work is represented by 1200 feet of tunnels, drifts, 
etc. There is now on the dump several thousand tons of ore. 
A test run of ten tons yielded $iy per ton, of which I12 was in 
gold and $s in silver. The company has erected a cyanide mill 
of 60 tons daily capacity, run by steam. (Adelbert Hart, presi- 
dent, Oakland, California.) 

Black Bear and War Eagflc* — These mines lie adjacent one 
to another on the northwest slope of Palmer mountain, about 
four miles from Loomis. There are three veins on the Black 
Bear, two of which have been worked. On the War Eagle there 
is but one vein. The Black Bear veins are almost four feet 
wide; that of the War Eagle is five feet wide. They all strike 
northwest and southeast, and dip to the northeast. The ore is 
chiefly quartz, carrying free gold in the oxidized portion of the 
vein, with sulphides below. It averages in value about 1 18 m 
gold, silver and copper, chiefly in the first of these. In the 
Black Bear about 2500 feet of underground development work 
has been done, and on the War Eagle 500 feet. In Loomis there 
has been erected a plant to treat the ore, consisting of a five- 
stamp mill and a concentrator, all run by water power. The 
value of the ore mined and sold up to date amounts to 1150,000. 
This sum also represents approximately the amount that has 
been expended in developing the two properties. (John Boyd, 
Loomis.) 

Tribune* — This property is located on the east slope of 
Palmer mountain, and embraces three claims. On these claims 
there are four veins, having an average width of about five feet. 
They have a northwest and southeast strike with a dip to the 
southwest. The average assay value of the ore in gold and sil- 
ver is about 1 1 2. About 1400 feet of underground development 
work has been done, and 40,000 tons of ore have been mined. 
A ten-stamp mill has been erected on the property. The power 
employed is a 65 h. p. boiler for the mill, two 15 h. p. boilers 
for the hoist, and 10 h. p. for running four Frue vanners. (John 
Boyd, Loomis.) 

Whiikey HilL — The Whiskey Hill group of twenty-one 
claims lies at the eastern foot of Palmer mountain, nine miles 
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strike, with a westward dip. The principal values are in silver, 
those of copper and gold being irregular. The underground 
development consists of about 2,800 feet of work, mainly repre- 
sented by a 200-foot shaft with three drifts. About 1,000 tons of 
ore have been sold for which nearly ^25,000 was received. (H. 
S. Stoolfire, owner, Spokane, Wash,) 

MOSES DISTRICT. 

This district is located in the southeastern corner of Okanogan 
county, in the region drained by the Nespelim river and its trib- 
utaries. It is one of the newest districts in the state, having 
been created since the Colville Indian reservation was thrown 
open to mineral entry in 1898. It is a region of low bunch-grass 
hills, where the rainfall is slight, and where trees grow sparingly. 

Multnomalu — The Multnomah group of ten claims lies three 
and a half miles northwest of the Nespelim agency. There are 
ten veins varying from three to seventy-five feet in width. They 
all strike southwest and northeast and dip to the southeast. They 
vary in richness from $s to I50 per ton in gold, silver, copper 
and lead. A number of small openings have been made, aggre- 
gating about 200 feet, and costing about ^5,000. ( Dr. F. O. 
Hudnut, manager, Spokane.) 

Apache* — The Apache claim is located one mile west of the 
Nespelim agency. There is one vein on the claim, having a 
width of twelve feet. It stands nearly perpendicular and strikes 
east and west. A fifty-foot shaft has been sunk on the vein and 
a little drifting done, costing all told about 1 1,000. Five tons of 
ore have been mined and sold having a value of I700 per ton. 
Nearly all the values are in silver, but there is a little gold 
present. (Dr. F. O. Hudnut, Spokane.) 

Great Western* — The Great Western group of three claims 
is situated four and a half miles west of the Nespelim agency and 
six miles from the Columbia river. About 1 1,000 has been spent 
in development work. There is now about 100 tons of ore on the 
dump assaying as high as I75 per ton in silver and lead. The 
ores are sulphides and carbonates. (Great Western Mining 
Company, Spokane.) 
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UPPER METHOV DISTRICT. 

This district embraces the country drained by the Upper 
Methow, and is one possessing a rugged topography because of 
its nearness to the summit of the Cascades. The precipitation 
is sufficient to insure a fine forest growth, the whole district be- 
ing included in the Washington Forest Reserve. The district is 
entered usually by way of the open valley of the lower Methow, 
along which good roads have been constructed. 

The district is one of metamorphic rocks, gneiss and schist, 
with various eruptive masses, often of granite. Thick deposits 
of sedimentary rocks also occur, consisting mostly of sandstone 
and conglomerate. 

Methow* — On the south fork of the Methow river the Methow 
Gold and Copper Mining Company has a group of seven claims 
located on McKinney mountain, upon which some development 
work has been done. The work has been done mostly upon one 
vein which is about eight feet wide and which carries a pay 
streak varying from two to four feet in width. The vein stands 
almost perpendicular and strikes northeast and southwest. The 
ore is largely chalcopyrite, and assays from 2.2 ounces to 20.2 
ounces silver, and from 3.8 per cent, to 25.5 per cent, copper 
per ton. Tunnel No. i has been driven on the ledge a distance 
of about 120 feet, and from it a winze 50 feet deep has been 
sunk to ascertain the dip of the vein. Tunnel No. 2 is now be- 
ing driven for a working tunnel, and will cut the ledge 300 feet 
below tunnel No. i. This tunnel is now in a distance of 165 
feet. The estimated cost of all development work, including 
tunnels, buildings, etc., is ^5,000. (B. R. Ostrander, president, 
Spokane). 

Oriental and CentraL — These claims are located on a vein 
six feet wide carrying about 1 10 per ton in gold. The company 
has sunk one shaft 60 feet, another shaft 40 feet, and run an 
adit tunnel 270 feet. Work was begun in September, 1900, and 
since then ^5,000 has been expended in development work. The 
claims belong to the Oriental Mining Company. (John R. Cas- 
sin, president, Spokane). 

Goat Greek* — On Goat Creek there is a group of nine claims 
belonging to the Goat Creek Mining Company, of Spokane. All 
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the development work has been done upon one vein which is 
about five feet wide. The vein strikes north 30 degrees east, 
and dips southeast at an angle of from 60 degrees to 75 degrees. 
One shaft has been sunk 127 feet and another one 25 feet. An 
adit tunnel has been driven 350 feet and about 50 feet of drifting 
done. Up to the present time no ore has been sold. The aver- 
age value of the ore is gold $2, silver 14 ounces, copper 16 per 
cent. Altogether about ^9,000 has been spent in development 
work. (John R. Cassin, manager, Spokane). 

TWISP DISTRICT. 

This district is included within the drainage basin of the 
Twisp, a river of about thirty miles in length which enters the 
Methow from the westward. The Twisp rises among mountains 
varying in height from 6,000 to 8,000 feet, whose slopes are 
heavily forest-covered. Along the lower course of the stream the 
bordering mountains are low and rounded, and usually bared of 
forest but clothed with a luxuriant growth of grasses. 

The rocks are in general of the met amorphic class, mainly 
schist and gneiss, through which project many outcrops of gran- 
ite. Near the mouth of the Twisp there is a considerable area 
of sedimentary rocks, consisting for the most part of conglom- 
erate, sandstone, and carbonaceous shale. The latter occurs 
quite conspicuously in a few places, and it has sometimes been 
mistaken for outcrops of coal. 

Spokane* — This claim is located on the north side of the 
Twisp, about one and one-half miles from its mouth. The ledge 
is somewhat irregular and not very well defined, but has an ap- 
parent north and south strike, with a steep dip to the westward. 
It varies from a few inches to three feet in width. The mineral 
contents of the vein consists of sphalerite, arsenopyrite, chalco- 
pyrite, and iron pyrite, with calcite and quartz. The ore oc- 
curs usually in pockets or bunches, occasionally in solid bands. 
The country rock adjacent to the vein is strongly mineralized, 
making the walls sometimes difficult to determine. 

SU Lawrence* — The St. Lawrence group of four claims is 
situated at the head of North creek, a tributary of Twisp river. 
There are two veins upon which work has been done. One is 
seven and a half feet wide and the other thirty feet wide. They 
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both strike northeast and southwest and dip 45 degrees to the 
northwest. The ore averages about I20 per ton in gold, silver 
and copper. The development work consists chiefly of a shaft, a 
tunnel, and an incline, costing all told about ^5,000. ( W. R. 
Marvin, Spokane.) 

SQUAW CREEK DISTRICT. 

This district lies about Squaw creek, a small stream flowing 
from the westward into the Methow at a point about nine miles 
above the mouth of the latter river. Situated as it is in the valley 
of the Methow and near the Columbia, the district is one of low 
altitude, with a surface made up of rolling hills and gentle slopes. 
Only the higher parts are forest-covered, the evergreen growth 
being somewhat sparse, but sufficient for ordinary mining op- 
erations. 

The prevailing country rock of the district is gneiss, with 
eruptive masses of the granite type. The veins of ore as a rule 
have been deposited in pronounced fissures, the walls of which 
are of sufficient prominence to be readily identified. The vein 
filling is usually composed of quartz and calcite as gangue min- 
erals, with iron pyrite, chalcopyrite, galena, arsenopyrite, tetra- 
hedrite and sphalerite. The principal values are in gold and 
silver, the gold occurring both free and as a telluride. As a rule 
the ore is not uniformly distributed throughout the veins, but 
occurs in well-defined chutes. The ledges of the district in 
general have an east and west strike, standing about perpendicu- 
lar or dipping a few degrees to the northward. 

Hidden Treasure* — The Hidden Treasure Mining and Mill 
ing Company has a group of six claims on the east slope of 
Johnson mountain, about one mile north of Squaw creek, and 
two miles west of the Methow. The Hidden Treasure vein has 
a strike of north 60 degrees west with a dip of 60 degrees to the 
northeast. It is a true fissure vein with walls of gneiss. It is 
from two to four feet in width, except where the ore chutes occur, 
when a width of eight to ten feet is noted. 

The ore in the Hidden Treasure vein consists chiefly of chal- 
copyrite, galena, sphalerite, and iron pyrite, with quartz and 
calcite as the gangue minerals. The values are chiefly in gold 
and silver, with a small amount in copper. The gold occurs in 
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small amounts as free gold, and to a small extent in the form of 
sylvanite. 

Development work on this property was begun in 1896. 
Two tunnels have been driven on the Hidden Treasure ledge, 
an upper one having a length of 200 feet, and a lower one with 
a length of 260 feet. From the second tunnel a winze has been 
sunk to a depth of 50 feet, and from the bottom of the winze 
drifts and crosscuts aggregating 80 feet in length have been 
driven. Some ore has been stoped out from one of the ore 
chutes, about 290 tons in all. Of this, 90 tons has been 
shipped to a smelter, for which $67 per ton was received. 

Hisfhland Light* — This mine, owned by the Highland Light 
Mining Company, is situated immediately west of the Hidden 
Treasure, and on the same ledge. The ledge has been devel- 
oped by a shaft 170 feet deep, which cuts through an ore chute 
dipping eastward. The first 50 feet of the shaft is in ore. At 
the 25-foot level a drift 20 feet long was run and the ore stoped 
out ; at the 50-foot level another drift 45 feet long was made, 
and some of the ore taken out from here assayed $90 per ton in 
all values ; at the 100-foot level the vein showed two and one- 
half feet of good ore, and a drift was run 20 feet to the east- 
ward. At the bottom of the shaft drifts were run in both 
directions. On this level the ledge averaged three feet in thick- 
ness, and the ore assayed from $40 to $50 per ton. (John D. 
Atkinson, Olympia.) 

Standard and Louisa* — These claims adjoin the Hidden 
Treasure group. The ore vein varies from three and a half to 
five feet in width. It has an east and west strike and dips to 
the north. The ore that has been mined averages in value {24 
per ton. Only a small amount of development work has been 
done on the ledge. (James West, president, Seattle.) 

Henrietta* — On the south side of Johnson mountain is the 
Henrietta group of four claims. The vein of ore varies from 
three to five feet in width. It has an east and west strike, and 
dips to the northward. The ore assays on an average about {25 
per ton in gold, silver and copper. In developing the property 
one tunnel of 120 feet has been driven, and a shaft has been 
sunk to a depth of 40 feet. (J. M. WooUery, Spokane.) 
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Hunter* — This property has a vein of ore which varies from 
three to nine feet in width. It has an east and west strike, and 
dips to the northward at an angle of 88 degrees. The average 
assay value of the ore is $32 per ton, in gold, copper and silver. 
The development work consists of open cuts, shafts, and tun- 
nels, representing an outlay of $8,000. About 400 tons of ore 
are now ready for shipment. ( James £. Blackwell, president, 
Hunter Mining Company). 

Tom HaL — This mine, the name of which has recently been 
changed from the Friday mine, is on a group of five claims. 
The ledge varies in width from four to ten feet, the richest ore 
having been encountered in the narrowest part. The ore 
consists chiefly of iron pyrite, chalcopyrite, and arsenopyrite. 
It is essentially a gold ore, but carries a little silver and a small 
percentage of copper. Ten tons of selected ore when shipped 
to the Everett Smelter yielded $70 per ton. In the under- 
ground work a tunnel no feet in length was driven, crossing 
the ledge at this point. A drift of 100 feet was next made, and 
from the end of this a winze of 100 feet was sunk. From the 
bottom of the winze drifts of about 70 feet were run in both di- 
rections. (John D. Atkinson, Olympia). 

Bolinger* — This property, consisting of five claims, is situ- 
ated on the south fork of Gold creek, two and one-half miles 
west of the Methow river. There are two parallel ledges on 
these claims two hundred feet apart and much alike in character. 
The larger or main ledge is four and a half feet wide on the sur- 
face and seven feet wide at the bottom of a ninety foot shaft. 
This is a true fissure vein, with walls of gneiss. The vein filling 
is arsenopyrite, galena, chalcopyrite, and iron pyrite, in a quartz 
gangue. The vein has a strike of N. 30 £., and a dip of 45 de- 
grees to the southeast. In the development work of the property 
a tunnel four hundred and fifty feet in length has been driven 
which strikes the two parallel ledges at distances of 235 feet and 
450 feet respectively from the mouth of the tunnel. The first 
ledge is tapped at a distance of 105 feet below the surface and 
assays from five dollars to fifty-four dollars in gold, and is eight 
feet in width. The second or main ledge, which is crosscut by 
the tunnel at a vertical depth of 225 feet, is ten feet wide and 
carries ore that averages by smelter tests twelve dollars per ton. 
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About thirty or forty per cent, of the values are in silver and the 
rest in gold. 

Independence* — This property is located on the south fork of 
Gold creek, very near the Bolinger mentioned above. The 
ledge varies in width from four to eight feet, and may be easily 
traced on the surface for a distance of 800 feet. It is a fissure 
vein with walls of gneiss. The metallic minerals are iron pyrite, 
arsenopyrite, chalcopyrite, and molybdenite, in a quartz gangue. 
Occasionally the metallic minerals occur as solid bands which 
often reach a thickness of eighteen inches. The alteration in 
the vein due to weathering is slight, and the honeycombed 
quartz of the surface gives way to unchanged ore at a depth of a 
few feet. The strike of the vein is about north and south, with 
a dip of 45 degrees to the westward. The assays of the ore that 
have been made show values of from $s to f 10 per ton. 



WHATCOM COUNTY. 



Whatcom county lies in the northern tier of counties, and ex- 
tends trom the summit of the Cascades westward to the Gulf of 
Georgia. The western and eastern parts of Whatcom county 
present marked contrasts in many ways. The western one-third 
of the county has but a slight elevation above the sea, is charac- 
terized by wide alluvial valleys and low hills, and is crossed in 
all directions by railways and wagon roads. On the other hand 
the eastern two-thirds of the county is a region of high moun- 
tains which possess an extremely rugged character, abounding 
in deep canyons and sharp divides, and into which trails and 
roads are built with difficulty. 

In the mountainous part of Whatcom county many varieties 
of rocks are encountered. Gneiss, schist, slate, crystalline lime- 
stone and other metamorphics commonly occur. Associated 
with these are masses of igneous rocks of both intrusive and ex- 
trusive origin. In the western part of the mountainous district 
stands the bold cone of Mount Baker about which volcanic rocks 
abound. 
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Although metalliferous deposits have been found in many 
parts of the mountainous district of Whatcom county, the ledges 
which have received the most attention are those which are lo- 
cated to the northward of Mount Baker, in the Mount Baker 
district, and those which are located in the neighborhood of 
Barron in the Slate Creek district. A brief general description 
of these districts, with some statements regarding the chief 
mines and claims within them, will now be given. 

MOUNT BAKER DISTRICT. 
Bt d. a. Lton. 

The Mount Baker mining district is situated on the head 
waters of the north fork of the Nooksack, on the western slope 
of the Cascades, and includes all the territory which lies imme- 
diately north of Mount Baker. On account of the lateness of 
the season at which our party reached this district, in the early 
autumn of 1901, and having but a limited time at our disposal, 
it was found possible to visit only the most important camps. 
As a result this report is to be considered as wholly preliminary 
in its nature and will be enlarged upon as soon as more field 
work can be done. 

The district is reached by Maple Falls, which is the present 
terminus of the Bellingham Bay & British Columbia Railroad. 
From Maple Falls there is a good wagon road to Shuksan, a dis- 
tance of about 20 miles. From Shuksan, the Mount Baker Min- 
ing Company, owning the Post-Lambert group, has constructed 
a well built trail to its properties, and in doing so has made it 
easier to get to those prospects and mines lying to the northwest 
of Shuksan and in the vicinity of Twin lakes. Those properties 
which are located to the east and south of Shuksan are for the 
most part tributary to the state trail. 

As may be inferred, nearly all of the prospects and mines of 
the Mount Baker district are located in the high Cascades, the 
Post-Lambert group, at an altitude of about 6,000 feet, being 
the highest of any of the developed mines. Here the snow 
comes early and stays late, and falls to a great depth. The 
water supply is plentiful all the year around, and in most cases 
is in such quantities and so located as to permit of its being 
utilized for power. In many cases there is an abundance of 
timber for mining purposes, although some of the mines are lo- 



42 Annual Report Washington Geological Survey. 

cated at altitudes where timber is scarce, or are above the tim- 
ber line altogether. 

Although over 3,000 quartz claims have been located in the 
Mount Baker mining district, yet only a few of these have been 
developed into mines. The principal ores of the district are 
gold and copper bearing. The gold is present as free gold, and 
occurs in white quartz, or is present as a telluride, while in 
other places it is found associated with gold bearing sulphides 
in veins of bluish grey ore which contains much lime. Again 
we find large bodies of slate with kidney quartz, which occur as 
masses, with no well defined hanging or foot wall. 

Post-Lambert* — This is one of the best developed properties 
in the district. It includes a group of eight claims located on 
the southern slope of what is known as Bear mountain, and to 
the east and south of two small mountain lakes, known as Twin 
lakes, which are about twenty miles west and somewhat north 
of Mount Baker, and are about thirty-six miles southeast of 
Chilliwack, British Columbia. The property is owned by the 
Mount Baker Mining Company, the offices of which are in Port- 
land, Oregon. 

In developing the property most of the work has been done 
on the Lone Jack ledge, where a tunnel or inclined shaft has 
been driven on the outcrop and follows the ledge in for a dis- 
tance of 140 feet. To the east of the outcrop on a level at a 
vertical distance of 100 feet below the opening of the inclined 
shaft, a crosscut is being driven, in order to intersect the vein, 
which will be done at a distance of about 475 feet. Open cuts 
have also been made on the Lone Jack ledge in several places, 
and all of these disclose a well defined vein, and show the pres- 
ence of free gold and tellurides. The ledge has a north and 
south strike, with walls of slate. It outcrops for a distance of 
about 2,500 feet, and has been thoroughly sampled for a dis- 
tance of 1,200 feet, the average width in this distance being two 
and one-half feet. From two hundred and eleven free milling 
tests which were made on this ore, the value in free gold was 
found to be on an average {28, while numerous fire assays made 
on the same show it to have a value of J32 per ton. This dif- 
ference is due to the presence of tellurides, which, being base, 
are not amalgamable. These will be treated by some other pro- 
cess, preferably by smelting. 
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There is being constructed on the property a ten stamp mill 
for the purpose of treating the ore from the Lone Jack ledge. It 
is intended to carry the ore from the mine down to the mill-site 
by means of an aerial tramway, the materials for the construc- 
tion of which are now on the ground. The mill-site is at an ele- 
vation of about 2,000 feet, while the mine is at an elevation of 
about 6,000 feet. It is intended to stamp the ore and remove as 
much of the gold as possible by amalgamation, and then treat 
the tailings by concentrating them, in order to recover the non- 
amalgamable tellurides. 

Great Excelsior* — This property is located near the Nook- 
sack, 14 miles from Maple Falls, on the road to the Post-Lam- 
bert properties mentioned above. 

The Great Excelsior ledge, the exact width of which has not 
been* determined, preserves its character for several hundred feet 
along its outcrop. It occurs apparently at the contact of slate 
and porphyry, the former being the hanging wall, and has a 
strike that is northeast and southwest. The ledge is composed 
chiefly of quartz and dolomite. Throughout this mass the me- 
tallic minerals occur in a finely disseminated state. 

Very little development work in the way of prospecting shafts 
and tunnels has been done on this property, as it was hardly 
considered necessary, since large masses of ore are already ex- 
posed. In one place the hanging wall of slate has been eroded 
by the creek, leaving the ledge faced up to a considerable height. 
As to the value of the ore the writer was informed that in no 
place on the ledge had rock been found, although they had tried 
to do so, which assayed less than f 1.50 per ton. The surface 
of the ore body is well oxidized, and the values are less than 
those which are obtained by going in on the same. From tun- 
nels which penetrate the face of the ledge and which have been 
driven in to a distance of 15 to 30 feet, it is found that at this 
distance from the surface the mass is crossed in every direction 
by stringers of pyrites and white quartz, and that these string- 
ers often carry very high values, in no instance assaying below 
I200 per ton, and often going as high as $500 or {600 per ton. 
At first sight the ore has the usual appearance of a quartz and 
sulphide ore, but on examination it is found to contain gold and 
silver which occur apparently as tellurides, but combining in a 
manner which is not yet understood, and so gives an uncommon 
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occurrence of these metals. No free metals are found, and the 
gold and silver values are about equal ; that is, in dollars and 
cents. 

On the strength of what seems to be so spendid a showing, 
the company owning this property has during the past year de- 
voted all its energy to the work of installing the necessary ma- 
chinery for the treatment of the ore. The method of getting 
out the ore will be by open cuts, it being proposed to drive a 
tunnel into the ore body, and on the floor of this tunnel to con- 
struct tramways. The ore will be quarried down from either 
side of the open cut, dumped into tram cars, and sent directly 
to the mill for treatment. 

No6kiack« — This property was located in 1898. It is situ- 
ated on a dike which is 315 feet wide, and it is said that the 
same has been traced for a distance of several miles. The ore 
is a gold bearing sulphide, and is of a low grade, assaying $3.50 
per ton, but to all appearances there is a large amount of it. 

The company owning this property have developed it to a 
considerable extent and now have in place a four-stamp mill and 
other necessary machinery, and would have begun active opera- 
tions during the summer of 1901, but were delayed by the late 
arrival of some pipe from San Francisco, which will be used to 
conduct water to the mill for power purposes. 

Terra Alta* — This property, which is owned by the Terra 
Alta Mining Company, of Whatcom, is situated on the south ex- 
tension of the Post-Lambert group of claims on Bear mountain. 
More or less development work was done on this property dur- 
ing the summer of 1901. About 100 feet of tunneling was driven 
which opened up a 14-foot vein which is said to carry values in 
sulphides to the amount of {306 per ton, and another vein 12 feet 
wide which bears a close resemblance to the Lone Jack lead and 
is thought to be an extension of the same. It is said to be re- 
markably rich in gold, some of the values occuring as tellurides. 

Trails have been built to the mine, and cabins erected, and 
during the summer of 1902 the company owning the property 
expect to install the necessary machinery for the proper exploit- 
ing of the mine and for the treatment of the ore. 

Sagfinaw* — The Saginaw claims were located in the early part 
of 1 90 1, and during that summer two tunnels were driven on the 



The MetalliferouB Resources of Washington, 45 

property, one of 60 feet, cross-cutting a three and one-half-foot 
ledge, which is said to carry high values, and another tunnel of 
37 feet. A shaft was also started and sunk to a depth of 12 feet. 
On the surface the vein outcrops as small stringers and has been 
traced for several hundred feet. The values are in copper and 
gold. 

Pierce* — The Pierce group consits of ten claims which are 
situated on Silica creek and about five miles from the Post-Lam- 
bert property. These claims were located in 1889 and in the 
spring of 1901 active work was begun on their development. 
Two shafts were sunk, one of 40 feet in depth, another of 50, and 
about 60 feet of tunneling was driven. The vein has an average 
width of about three feet, and is said to have been traced for 
several thousand feet. The values at present are principally in 
free gold, and give an average assay of about $12. The company 
owning these claims expect to begin the work of installing mill 
machinery during the summer of 1902. 

Lone Star* — These claims are located on Swamp creek. 
During the summer of 1901 two tunnels were driven on the 
property, one of 68 feet, and another of 20 feet. The ore body 
is a white quartz vein about 25 feet wide, and parallel with it i& 
a grey quartz vein whose exact width has not been determined. 
The gold values occur as tellurides and sulphides. 

SLATE CREEK DISTRICT* 

This district is situated in the extreme eastern part of What- 
com county, in the territory drained by Slate, Mill and Boulder 
creeks. These streams are tributaries of Ruby creek, which in 
turn is a tributary of the Skagit river. The district is reached in 
two ways, either by way of the Columbia and Methow rivers ta 
the headwaters of the latter and then over the summit of the 
Cascades, or else by following up the valleys of the Skagit river 
and Ruby creek. 

Situated as it is in the very heart of the higher Cascades, 
Slate creek district possesses a very rugged topography. The 
snowfall is excessive and makes ingress and egress quite difficult 
or even impossible at times during the winter season. The nu- 
merous streams abound in waterfalls and latent water power 
occurs everywhere. The higher peaks and divides rise above 
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the timber line, but in the valleys there is ample timber for all 
the demands of the mining industry. 

The ledges of the district occur in two distinct formations. 
One of them is a black slate, containing numerous quartz veins, 
usually very thin, which run parallel with the cleavage. This 
formation extends from the mouth of Slate creek almost to its 
head-waters, and forms the Slate creek range. The cleavage of 
the formation in this district is almost north and south, and is 
parallel to the stratified sandstones, shales and limestones to the 
east of this area. These last named form what Professor I. C. 
Russell * calls the Similkameen formation, which embraces an 
area about 15 miles east and west, extending northward beyond 
the international boundary line, and southward beyond Crater 
pass. This area is composed mainly of sandstones, shales and 
limestones, with quartzite and minor quantities of conglomerate 
and breccia near the bottdm. 

In structure the series of rocks lies in closely compressed 
folds, having a north and south trend, with dips inclined in 
places, while in others the beds stand nearly or quite vertical. 
On Gold ridge, which is to the north of Crater pass and imme- 
diately east of the summit, in Okanogan county, the rocks dip 
eastward in such a manner as to indicate that the folds have been 
overturned to the west. At this point the dip of the strata east- 
ward is at an angle of about eight degrees, but to the north of 
this the dip increases and soon becomes vertical. The under- 
lying member of the Similkameen series is a hard, nearly white 
quartzite, changing, as at the Eureka mine, to conglomerate and 
breccia. Above the quartzite come slates, sandstones, shales 
and limestones. At the base of Gold ridge is a thick bed of 
bluish sandstone. This has been penetrated by tunnels which 
the Gold Ridge Mining Company have driven in the St. Paul 
and Minneapolis claims. 

In many places the Similkameen formation is cut by dikes 
which trend north and south. On the Minneapolis and St. Paul 
claims one of the dikes is exposed at the entrance to the tunnel 
on these claims. It is three to four feet thick, stands nearly 
vertical, and cuts the sandstones which dip eastward at an angle 
of about eight degrees. There are numerous other dikes of this 
kind in the district which have an approximately vertical posi- 

• Russell: 20th Ann. Rep. U. S. Geol. Survey, Part II, p. 114, 1B98-9. 
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tion, are light in color, of porphyritic structure and for the most 
part have a north and south trend. In the region of Gold hill, 
and also in the vicinity of Windy pass, at the head waters of the 
east fork of Slate creek, there are numerous east-west fissures 
which cut the rocks at right angles to the longer axes of the 
folds, and which have been filled with quartz containing free 
gold. It is on these veins that the Eureka, Mammoth, Tacoma, 
Gold Ridge, and many other mining properties are situated. 

Eureka* — This mine, owned and operated by the Eureka 
Mining Company, is situated on the head waters of the east fork 
of Slate creek, immediately north of Barron, about fifteen miles 
south of the international boundary line, and about one mile 
west of the summit of the Cascade mountains. The ore is 
found in lenses, or pockets, and occurs as a conglomerate. It 
carries $S to f lo per ton in gold values, part of which is free, 
while part is associated with sulphides. Streaks are found con- 
taining very rich sylvanite ore. 

In order to reach the ore body a tunnel 240 feet in length 
was driven in on the ledge, and from the end of this a shaft was 
sunk 65 feet. The ore is hoisted up through this shaft, taken 
out through the tunnel, and then sent down to the mill by means 
of a gravity tramway. In the treatment of the ore it is fed into 
a ten-stamp mill where it is crushed to pass a 40 mesh screen. 
The stamps have a drop of seven inches, and fall at the rate of 
104 drops per minute. The product of the stamps is then passed 
over amalgamated plates, and is concentrated by means of two 
Wilfley tables. From the Wilfley tables the tailings pass over 
canvas slime tables for the purpose of removing any valuable 
particles which may have escaped the concentrators. However, 
it is not possible to save all of the values, as about f 1.60 per 
ton is lost in the tailings. 

Mammotlu — The Mammoth mine is located at Barron, near 
the headwaters of the east fork of Slate creek, one-half mile 
west of the summit of the Cascades. The vein upon which the 
Mammoth is located is from two to four feet in width with a 
northward dip of 60 degrees, and a strike about east and west. 
The gold is found in a white quartz, and is partly free and partly 
in combination with sulphur and tellurium. The average assay 
value in gold is about $20 per ton. The mine has produced to 
date gold to the value of $25,000. 
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The ore body was opened up by driving a tunnel in on the 
vein, crosscutting the same, and then following the vein. Only 
one level has been driven, and this for a distance of about i,8ao 
feet. Air-driven drills are now used in taking out the ore. After 
the ore is taken from the mine it is sent to the mill by means of 
an aerial tramway, as the mill is quite a little lower than the mine. 
The former process used in treating the ore is that of crushing 
and then stamping in a five-stamp mill. The product of the 
stamp battery was then passed over amalgamated plates whereby 
the free gold was extracted by amalgamation, and the tailings 
were then concentrated for the non-amalgamable values. As a 
large amount of values were lost by this method of treatment, 
the mill and mine were closed during the summer of 1901, and 
arrangements were made for the installation of new mill machin- 
ery, the contract for which has been let and the same will be put 
in place during the summer of 1902. 

So far the owners of the property have spent about $50,000 
in developing the same. With better facilities for treating the 
ore, and with a mill that will save a reasonable percentage of the 
values, it may confidently be expected that the Mammoth will 
become a paying mine. 

Tacoouu — This property, owned by the Gold Standard Min- 
ing Company, has approximately the same location as the Mam- 
moth, being a little to the west and north of the latter. The 
strike of the vein which is being worked is almost east and west, 
and dips about 60 degrees to the north. As far as it has been 
exposed it has an average width of about two feet. About 100 
feet to the north is another ledge which *is parallel to the one 
which is being developed. The character of the ore is much 
the same as at the Mammoth, the values occuring in white 
quartz both as free gold and as tellurides. 

Gold Rid^e* — The claims of the Gold Ridge Mining Com- 
pany are located practically on the summit of the Cascades, but 
mainly on the headwaters of the Methow river, about ten miles 
south of the international boundary line. Part of the claims lie 
in Whatcom county and part in Okanogan county. They were 
discovered in 1893, at the time of the discovery of the Eureka 
and the Mammoth, but work was not begun on them until 1897. 
On the property there are two distinct sets of parallel ledges. 
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One set of four has a north and south strike, which is parallel 
with the mountain, while the second set of three veins has an 
east and west strike with a northward dip. The average assay 
value of the ore is about f lo per ton, a part of which occurs as 
free gold and the remainder in combination. It resembles in 
general the other ores of the district. So far only prospecting 
work has been done on the claims. This consists of 830 feet of 
tunnels, shafts, raises, the estimated cost of which has been 
about $20,000. 

Ninety-Nine* — This property, owned principally by Charles 
H. Ballard, of Barron, consists of 1 1 claims, located on Crater 
mountain. The ledge on which the group is located is about 
four feet in width, with a pay streak of about two feet. The ore 
has yielded some very high assays, the values being in free gold 
and tellurides. The ledge occurs between walls of slate and 
quartzite, and is well defined. So far only prospecting work has 
been done on the property, a cross-cut tunnel having first been 
driven to the ledge, a distance of 240 feet, and then drifts were 
made. 

Anacortes* — This property consists of seven claims situated on 
the Cascade branch of West Canyon creek. Four of the claims 
are located upon one vein and three upon a parallel vein. So far 
only development work has been done upon the property, and 
this chiefly upon the Anacortes and Tip Top claims. At the 
time this group was visited by the writer, drifts had been run on 
three different levels. The lower tunnel was in a distance of 
310 feet. One hundred feet above this another had been run 
100 feet, and about twelve hundred feet above the middle drift, 
another drift had been started and was in 90 feet. The ore 
body shows up well in all of these drifts and the walls are quite 
sharply defined. 

The principal ledge in the group is one of quartz carrying free 
gold, tellurides and sulphides. Its outcrops can be followed for 
a long distance, and can be seen on both sides of the mountain 
through which it cuts. Its average width is 2 feet, and the widest 
part uncovered is 13 feet. Its strike is about 10 degrees west of 
north and it has a dip of 70 degrees to the southwest. Its hang- 
ing and foot walls are both of slate, but in the upper tunnel about 
14 inches of conglomerate occurs in the vein on the hanging wall 

4— n 
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side. The assay value of the ore ranges from $B to $300 per ton, 
and some very high assays have been received on picked speci- 
mens. 

North Americao* — The North American Mining and Milling 
company owns a group of nine claims, situated between Boulder 
and Mill creeks, at an elevation of about 4,300 feet. These 
claims are located on lodes which show up remarkably well at 
the surface, and wherever drifted upon have given high values 
upon assaying. The values occur in a white quartz which is 
more or less oxidized at the surface, and it is presumed that the 
ore will become base at a depth. The strike of these veins is 
nearly east and west. At the time this property was visited by 
the writer, the development work which had been done consisted 
of three tunnels and five drifts. One of these tunnels was 100 
feet in length, another 40 feet, and another 35 feet. One of 
them was being driven in a clayey formation which, when panned, 
showed the presence of an appreciable amount of free gold. 

Monto Cristo* — This property consists of two claims on 
Canyon mountain, to the north of Canyon creek. The claims 
are located on two north and south ledges each of which has a 
width of about seven a half feet, and which yield an average 
assay of about $6, 



SKAGIT COUNTY* 



Skagit county lies between the counties of Whatcom on the 
north and Snohomish on the south, and extends from the sum- 
mit of the Cascades westward to tidewater. As was the case 
with Whatcom county, the very mountainous character of the 
eastern part of Skagit county is in great contrast in every way 
with the alluvial plain of the western part. The low plain of 
the coast, however, is continued eastward in the wide alluvial 
valley of the Skagit, which extends to within a few miles of the 
extreme eastern limits of the county. 

The mountainous area of Skagit county is largely one of 
metamorphic rocks, chiefly schist, gneiss, and crystalline lime- 
stone. Granite occurs, as well as many varieties of younger ex- 
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trusive and intrusive rocks. Prospecting for metallic minerals 
has been done over large portions of the mountainous section of 
the county and many ledges have been found. Data is at hand 
for reports upon but two districts of the county, Thunder creek 
and Bald mountain, and some brief statements about these will 
now be given. 

THUNDER GREEK DISTRICT. 
Bt D. a. Lton. 

This district is situated in the extreme northeastern comer of 
the county, adjacent to the summit of the mountains, and very 
near the Whatcom county line. It lies within and immediately 
about the basin of Thunder creek, a tributary of the Skagit 
which enters that river about twenty-five miles above Marble- 
mount. 

Ledges of ore were discovered in this district a number of 
years ago, but it is only recently that active development work 
has been undertaken. The country rock of the district is chiefly 
granite, with dykes of porphyry. The altitude is so great that 
the rocks are generally bare of vegetation and soil, so that veins 
of ore may be readily seen and traced. 

WUIis and Everett* — This property, consisting of nine claims, 
is owned by the Baker Mount Mining Company, of Seattle. It 
is located in Silver basin, on the south fork of Thunder creek. 
There are on the property three well defined veins, two of which 
are parallel and have a northwest and southeast strike. The 
third vein has a north and south course, and cuts the other two. 

The values of the upper ledge, which is from eight to twelve 
feet thick, run very high. It is not unusual for an assay to yield 
{200 in silver and $g in gold per ton. Picked samples have run 
as high as 3,600 ounces of silver per ton. 

The lower ledge, four to ten feet in thickness, runs very high 
in silver, together with some gold. On this vein there is an 
open cut of 50 feet on the ore body. The foot wall is granite; 
the hanging wall porphyry. Below these veins are other ledges 
on which some work has been done. 

Lakeside* — This property is located on the south side of Sil- 
ver basin, on the south fork of Thunder creek. The ledge is 
about three and one-half feet wide, with both its hanging and 
foot walls of granite. Its strike is north 50 degrees east, with a 
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vertical dip. The average assay value per ton is about $36 in 
gold and about f 20 in silver. 

Great Northern* — This property is located immediately ad- 
joining the Lakeside, described above. The ledge is 26 feet 
wide, with a strike of north 50 degrees east, and with a vertical 
dip. The vein carries gold, silver and zinc. 

As these properties are all quite close to one another, it is 
proposed in the near future to build a concentrator, which will 
be so located that it can treat the ore from all the mines of the 
basin. 

BALD MOUNTAIN DISTRICT* 

Bald Mountain* — This mine is located fifteen miles southeast 
of Sedro-WooUey, near the summit of Bald mountain. It is 
easily reached by wagon road and trail from Clear Lake. The 
country rock is schist and slate, with a large dyke of diorite cut- 
ting these formations. The slate is massive and contains bands 
and irregular masses of lime-soda feldspar scattered through it. 
The mine itself is located in section 17, township 34, range 6 
east, on both sides of the summit of the mountain. There are a 
number of veins all badly weathered at their outcrops. The 
strike of the main ledge is north twenty degrees east, and the 
dip is southeast fifty degrees. The hanging wall is schist, the 
foot wall has not yet been found. The ledge is supposed to be 
about sixteen feet wide. One assay of the ore gave thirty per 
cent, copper and three dollars in gold. The development work 
that has been done consists of two shafts, one 60 feet and the 
other 50 feet in depth, with a crosscut tunnel of 420 feet in 
length. The property belongs to the Bald Mountain Mining 
Company, of Clear Lake. 



CHELAN COUNTY. 



Chelan county lies between the Columbia river on the east 
and the summit of the Cascades on the west, with Okanogan and 
Kittitas counties as its northern and southern boundaries, re- 
spectively. The surface of the county has a normal slope from 
the Cascade summit, with an approximate elevation of 7,5oo> 
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feet, southeastward to the Columbia river^ where the elevation 
above sea is from 600 to 700 feet only. 

Chelan county is naturally divided into three drainage basins, 
those of the Wenatche, Entiat, and Chelan rivers, the first and 
last heading in the main divide of the Cascade range, and all 
flowing southeastward to the Columbia. Chelan river is the 
outlet of Lake Chelan, a very beautiful body of water occupying 
a great cleft in the granite mountains. The deep depression 
occupied by the lake extends northwestward beyond its head 
and is there known as the valley of the Stehekin river. 

Chelan county is for the most part a region of ancient schists 
and gneisses, with large areas of granite. Intrusive rocks, in 
the form of dikes of andesite, diorite-porphyry, and acid quartz- 
ite-porphyries are of common occurrence. The basalt of the 
Columbia plain extends a little way into the southeastern corner 
of the county. Between Leavenworth and Mission, and extend- 
ing northward and southward for several miles, is found a mass- 
ive sandstone of Tertiary age, which represents an extension of 
the Swauk sandstone. 

HORSESHOE BASIN DISTRICT. 

Horseshoe basin is situated at the headwaters of the Stehekin 
river, very near the summit of Cascade pass. It is reached by 
a short trail leading off from the mam trans-mountain tcail, the 
latter leading up the Stehekin, over Cascade pass, and down 
the Skagit by way of Marblemount. This so-called basin is a 
great natural amphitheatre carved out by glacial action. It has 
an elevation of about 6,000 feet, and contains so much ice and 
snow that mining operations are mainly confined to the summer 
months. The mountain peaks which surround the basin are 
nearly destitute of timber, but in the valleys there is an abund- 
ance of hemlock, cedar, fir and pine, sufficient for all mining 
purposes. The streams furnish an abundance of water power, 
which can be harnessed very easily and made to do all the hoist- 
ing and lighting around the mines. 

Gneiss and schist, with intrusions of granite and diorite, con- 
stitute the chief rock formations in the Horseshoe basin region. 
The ledges of ore are of unusual size, and are composed essen- 
tially of galena and chalcopyrite carrying gold and silver. 

Black Warrior* — This claim lies between Horseshoe basin 
and Doubtful lake. It is on a well defined east and west ledge. 
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« 
varying in width from 20 to 30 feet, with a pay streak from two 

to eight feet wide. The vein contents are galena and chalco- 

pyrite, with good silver values. 

Dayenport* — This claim is on a ledge parallel to the Black 
Warrior, and between the latter and the head of Horseshoe basin. 
The ledge in some parts attains a width of forty feet, and stands 
about perpendicular. Development work on the property is 
much hindered by the great quantities of snow and ice which 
covers the ground throughout the year. The mineral contents 
of the ledge are chiefly galena and chalcopyrite. A ton of the 
ore shipped to a smelter gave a return of f 69 in lead, copper, 
silver and gold. 

Texas Jack* — This claim, now owned by the Chelan Copper 
Company, is located in the upper Horseshoe basin. The ¥ddtb 
of the vein between walls equals 30 feet in places, with a pay 
streak of about 20 inches. The vein has a northeast and south- 
west strike, with a dip of 75^ to the northwest. The principal 
values are in copper and silver. 

BRIDGE CREEK IXSTRICT« 

Bridge creek comes into the Stehekin river from the north 
bout fifteen miles above the mouth of the latter stream. This 
creek drains a large area of granite, gneiss and schist, in which 
ledges of ore occur. In the district many claims have been 
staked, but upon none of them has development work assumed 
large proportions. 

Butte* — This property, owned by the Butte Gold, Silver and 
Copper Mining Company of Spokane, is located on Bridge creek 
about twenty-five miles from the head of Lake Chelan. In the 
development of the property it has been necessary to build a 
good many miles of roads and trails. There are two veins upon 
the property and a tunnel has been driven upon each vein, one 
tunnel being at the present time 56 feet long and the other 42 
feet in length. One vein which was stripped for 36 feet shows 
a width of 8 feet between walls. 

RAILROAD CREEK DISTRICT. 

Railroad creek heads among the high mountains constituting 
the summit of the Cascades, and flows eastward into Lake 
Chelan at a point about twelve miles from the upper end of the 
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lake. It is well fed by snows and glaciers, and as it makes a 
descent of over 4,000 feet in 20 miles it affords an abundant 
water power. The valley sides are covered with a goodly forest 
growth until the timber line is reached well toward the head of 
the stream. Throughout its course Railroad creek flows in 
granite, in which at several places veins of ore have been dis- 
covered. The two most prominent ledges that have been found 
are known as the Crown Point and the Holden. 

Crown Point* — The Crown Point property is located near 
the head of Railroad creek about seventeen miles from Lake 
Chelan. The vein appears at the surface on the face of a bold 
granite cliff and is reached with some difficulty. It lies almost 
flat, dipping to the westward at an angle of five or six degrees. 
It has a width of from two to three feet and is composed chiefly 
of solid quartz with small quantities of molybdenite dissemi* 
nated throughout the gangue. As a rule the molybdenite occurs 
in well formed crystals having the form of hexagonal pyramids 
and with diameters reaching an inch or more in length. Some 
times the molybdenite occurs in irregular masses having diame- 
ters of three or four inches. At the end of the short tunnel 
which has been driven on the vein chalcopyrite has made its ap- 
pearance, and occasionally shows itself in conspicuous masses. 

Holden« — On Railroad creek about eleven miles up the val- 
ley from Lake Chelan is the Holden group of three claims. The 
ledge outcrops upon a rather steep mountain side where the ore 
body has been laid bare by the snow slides which have swept 
down the mountain, carrying along with them all of the loose 
surface materials. The ledge shows very distinctly along the 
outcrop for a distance of several hundred feet. It is in the na- 
ture of a replacement vein where the granite which constitutes 
the country rock has been impregnated and largely replaced by 
chalcopyrite and iron pyrite. In the joints of the granite solid 
bands of ore occur. Between the joint planes the more soluble 
constituents of the granite have been removed and the metallic 
minerals above mentioned have taken their places. The vein 
has, therefore, no proper walls and the zone of replacement is 
somewhat illy defined, passing gradually from the rock contain- 
ing a large percentage of ore to the rock which contains none at 
all. At one place a measurement made at right angles to the 
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strike and across the zone of replacement showed the latter to 
be 200 feet, at other places it is of course much narrower. The 
ore values are in gold, silver and copper. At the present time 
the extent of underground^ development is about 300 feet. 

PESHASTIN DISTRICT, 
bt a. e. Khapp. 

The Peshastin Mining District is in the southern end of 
Chelan county on the eastern slope of the Cascades. It lies be- 
tween the ridges that define the water shed of Peshastin creek 
from Ingall creek on the north, to the summit on the south. 
Shaser, Scott, Ruby and Peshastin creeks afford abundant water 
power. Their channels are primarily the result of glacial action, 
the subsequent erosion having done little more than to concen- 
trate the glacial debris and leave some good placer in the main 
creeks. The hills are generally well covered with fine timber, 
some of it excellent for lumber. 

The geology of the district has been carefully studied by 
members of the U. S. Geological Survey, and briefly stated is as 
follows: The district is composed of intrusive serpentine, 
bounded on the north and south by slate. Dikes of more recent 
volcanic rocks are numerous. Most of the veins run nearly east 
and west with the formation, and are generally found in the ser- 
pentine. The ores are free milling and concentrating. Some of 
the slips or ledges where the veins intersect have all the charac- 
teristics of regular pocket veins, and gold is found at the point 
of intersection. Other veins carry their enriched portion along 
lines of crushing. None of the veins are regular in width 
throughout their course, except where they occur along lines of 
crushing. It is probable that the gold was first deposited in the 
veins with the sulphides but was afterwards changed through a 
process of leaching into free gold. The gouge along the vein 
walls is usually talc, very seldom clay, and considerable gold is 
sometimes found in the talc, having been carried there in solu- 
tion. Many of the miners have had the erroneous idea that all 
the green talc must necessarily carry gold. Along the line of 
enrichment it does, but not throughout the entire vein. The 
ores are of a good grade, many of them over ten dollars per ton 
and going as high as one thousand dollars per ton. 

Most of the development work has been done at Blewett, 
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where the Chelan Mining Company has a twenty stamp mill on 
the banks of Peshastin creek. The history of this camp is sim- 
ilar to that of many which dot the eastern slope of the Cascade 
and Sierra Nevada mountains, and in a few words is a history 
of mining instead of mines. The first discoveries in the district 
were placer. The rich oxidized ores exposed over the surface 
of the hills above the creeks were worked in arrastras, and the 
mines gophered. No attempt was made to work the mines un- 
derground until 1874. 

The principal work has been done in the ledges on the prop- 
erties of the Chelan, Eleanor, and Peshastin Mining Companies. 
The total estimated output of the camp is f 1,500,000 and these 
ledges contributed a considerable portion of this. 

The lack of correct knowledge or experience in the character 
of the formation has resulted in the sinking of a hundred or 
more holes and cuts where ores have been extracted, and no fur- 
ther effort made to follow the line of enrichment. The amount 
of good ore that the surface has furnished has seldom been 
equalled by any camp along the range. Mining operations are 
not expensive, for shafts and tunnels can be driven for about 
five dollars per foot with hand labor. No trouble from water is 
experienced in sinking shafts. Few camps have so little con- 
troversy over boundaries as Peshastin mining district. The 
original comers are well understood and respected. 

Eureka* — This mine is on Peshastin creek, about a quarter 
of a mile south of Blcwett. The vein of ore varies from twelve 
to eighteen inches in width, has a strike east and west, and a 
dip to the south. The mine belongs to the Phcenix Mining and 
Milling Company, but ail the work has been done by leasers, 
who have kept no records of the amount shipped, so that it is 
not possible at this time to state how much ore has been ex- 
tracted, or form any estimate of its total value. Much of the 
ore assays in gold as high as thirty dollars to the ton. The 
property was first opened up twenty-one or twenty-two years 
ago, and up to the present time about f 3,500 has been expended 
in development work, represented by about 600 feet of under- 
ground workings. 

Tip Top* — The eastern extension of the Eureka mine is 
known as the Tip Top, and was opened up about the same time. 
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A large amount of ore was taken out in early days, estimated 
in value at about ten thousand dollars. The vein here is about 
two and a half feet thick and dips northward, with an east and 
west strike. About five hundred or six hundred feet of tunne 
has been driven, involving an outlay of about f 4,000. The ore 
that is mined averages about twenty-five dollars to the ton in 
gold, and is treated by means of an arrastra, which is supplied 
with water by a ditch five hundred feet long. 

Lucky Quecfu — This mine is on the east side of Peshastin 
creek about a quarter of a mile north of Blewett, and was first 
opened up in 1894. There is one principal vein ¥dth a number of 
intersecting veins, and all stand nearly perpendicular. The ore 
is very pockety. About twenty tons have been sold to date, hav- 
ing a total value of about one thousand dollars. Two tunnels 
having a combined length of seven hundred feet, have been 
driven at an expense of about f 3,500. 

Culyer* — The Chelan Mining and Milling Company has a 
group of five claims extending along Thompson gulch, from a 
point two thousand feet west of Blewett, and adjoining the Pe- 
shastin mine. This is an old property, having been first opened 
up in 1882, and since that time about three hundred thousand 
dollars worth of ore has been taken out. The vein varies in 
width from four to fifteen feet. It strikes east and west and dips 
to the southward. All the values are in gold, and the ore assays 
from five dollars to five hundred dollars per ton. There has 
been about four thousand feet of underground development work 
done, including tunnels, stopes, etc. The company has erected 
a twenty-stamp mill, and an aerial tram for handling and treat- 
ing the ores. Steam power is employed. The total amount ex- 
pended in all kinds of development work is estimated at one 
hundred and fifty thousand dollars. 

Pesfrastin* — The Peshastin mine is in the town of Blewett. 
It is one of the oldest properties in the camp, having been first 
opened in 1874. ^^^ '^^^^ ^^ from four to twenty feet wide, and 
like all other veins in the camp, has an east and west strike. It 
dips to the southward. Fifteen hundred feet of underground 
work has been done, representing an outlay of about eight thou- 
sand dollars. Four thousand tons of ore have been mined, hav 
ing an average gold value of I15 per ton. 
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OUeiu — The property belonging to Mr. John Olden, is lo- 
cated west of the Black Jack mine, and immediately south of the 
Peshastin. It is an old property, having been opened up about 
twenty-one years ago. There are two veins varying in width 
from one to six feet, dipping north, and with an east and west 
strike. All the values are in gold. Three hundred and fifty 
feet of underground development has been done. Up to the 
present time the total output is five hundred tons of ore, having 
a value of twenty-five hundred dollars. The ore is treated in an 
arrastra operated by water power. The estimated cost of all 
development work done is fifteen hundred dollars. 

PoIePkk. — This mine is on the north slope of Thompson 
gulch about half a mile west of Blewett. It was opened up in 
1884 and since that time has produced eight thousand tons of 
ore, having a total value of about sixty-four thousand dollars. 
There are three veins var3ring from one to four feet in width. 
The strike is east and west and the dip is to the northward. 
The values are in gold and silver, with a little lead. There are 
about two thousand feet of underground work» representing an 
expenditure of twelve thousand dollars. 

Golden Easfle* — This property includes three locations on the 
west side of Peshastin creek just north of Blewett. There are 
two veins on the property, each having a width of about three 
feet. The strike is east and west and the dip north. Like most 
of the other mines in the district the ore is very pockety, rang- 
ing in value from fourteen dollars to sixty dollars per ton. The 
owners have expended about seven hundred dollars in develop- 
ment work, and now have a tunnel two hundred feet in length. 
They have about one hundred tons of ore on the dump. All the 
values are in gold. 

Ivanhoe* — The Ivanhoe mine lies north of the Culver at the 
head of Thompson gulch, about half a mile west of Blewett. It 
is an old mine, having been first opened up eighteen or nineteen 
years ago, but has never been worked very extensively. About 
five hundred feet of underground work has been done, and 
twenty-five hundred dollars have been spent in development 
work. The vein is six feet wide and carries gold and silver with 
an average assay value of four dollars and a half per ton. The 
vein is perpendicular and has an east and west strike. 
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Black Jack* — This mine is on Peshastin creek above Blewett. 
It was opened up about the same time as the Eureka, or about 
1880. Nine hundred feet of tunnel have been driven on the 
property at an estimated cost of five thousand dollars. Three 
thousand tons of ore have been taken out with an average gold 
value of ten dollars per ton. The vein is from two to four feet 
wide, and has an east and west strike, dipping to the southward. 



SNOHOMISH COUNTY. 



Snohomish county lies between the counties of Skagit and 
King on the north and south respectively, and extends from the 
summit of the Cascades westward to Puget Sound. Like the 
counties to the northward and southward of it, Snohomish has 
a low alluvial plain along the coast, which gives way in turn to 
low hills, foot-hills of the mountains, and finally to very high 
mountains as one travels eastward. 

The eastern part of Snohomish county, embracing about two- 
thirds of its area, may be regarded as mineral bearing. The 
rocks found here are of the varieties typical of the northern Cas- 
cades, viz. : granite, diorite, slate, gneiss, schist, crystalline 
limestone, etc. At several points valuable veins of ore have been 
discovered, notably about Darrington, Silverton, Monte Cristo, 
and Index. The ores found in these districts are practically all 
of the sulphide type, making treatment by smelter methods a 
necessity. An easy method of transportation from the mines to 
the smelter is therefore required, and in this the mining proper- 
ties of Snohomish county are favored much better as a rule than 
is the case elsewhere in Washington. Three lines of railway 
extend from tide-water into the heart of the mountains and into 
the midst of the mining districts, viz.: a branch line of the 
Northern Pacific to Darrington, in the northern part of the 
county; the Everett & Monte Cristo to the town of Monte 
Cristo, in the central part of the county ; and the Great North- 
ern to Index, in the southern part of the county. Of these rail- 
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ways the first and second were constructed primarily for the 
purpose of hauling ore from the mines, while the third is of 
course a part of a great overland system. 

DARMNGTON DISTRICT. 

By D. a. Lton. 

Darrington district is situated in the northeast corner of Sno- 
homish county. Although it is unorganized, yet its boundaries 
may be considered to be the Skagit county line on the north, the 
Stilaguamish district on the south, and the summit of the Cas- 
cades on the east. The district is drained by the Sauk river 
and its tributaries. The principal town of the district, Darring- 
ton, is situated about 25 miles above the mouth of the Sauk. 
The district is one of the most accessible in the state. During 
the past year the Northern Pacific railway extended a branch 
line from Arlington to Darrington. There are also several good 
wagon roads leading into the district. Not only is the district 
well located as regards accessibility, but because of the low alti- 
tude the mining industry is not handicapped by the deep snows, 
as is the case in the higher Cascades. 

Although more or less development work has been going on 
in the Darrington district for some years, none of the mines 
have ever been regular shippers. This has been due partly to 
the fact that capital has been wanting to develop the properties 
sufficiently, and also because there has been no way of getting 
the ores treated after they have been taken out, for the ores of 
the district are smelting ores. Now that the district has been 
entered by a railroad, it will be possible to interest capital in the 
mines and property holders now feel that the future of the dis- 
trict is assured. Most of the mmes of the district are all at a 
higher elevation than Darrington, and as the district is devel- 
oped it seems quite likely that a system of aerial tramwkys will 
be used for delivering the ores from the mines to Darrington, 
either for treatment at that point, or to be loaded and shipped 
to smelters at Tacoma and Everett. One of the largest prop- 
erty holders of the district informed the writer that ore can be 
mined and delivered at Darrington for I3.75 per ton. The rate 
on ore by rail from Darrington to Everett is I2, or to Tacoma 
I2.50 per ton. Thus, ore can be mined, freighted and smelted 
for about f 10.75 P®^ ^o^* ^^ ^^^ ^^^^ ^^ ^^^ district run from 
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f i6 to $84 in value per ton, it would seem as if mining could be 
carried on in this district at a profit. 

Darrington is not only a mining center, but it is situated also 
in the heart of a very extensive timber district, and in the 
near-by river valleys there are also large areas of agricultural 
land. 

As to the rock formations of the district, we find in at least two 
places the same kind of fine grained black slate which is found 
along Ruby creek and on Slate creek. In the first of these places 
the slate is found on each side of Sauk river for a distance of about 
ten miles, and below the mouth of Whitechuck creek. The sec- 
ond locality is found on the west bank of the Sauk, beginning 
about three miles below Darrington, and extending for four 
miles. There are also large bodies of serpentine in the district. 
Most of the ore bodies have slate for a hanging wall and por- 
ph3rry for a foot wall. The following are some of the more im- 
portant properties of the district : 

Burns* — The Burns group consists of seven claims which are 
situated on the west side of Gold mountain. The ore body has 
been exposed for a distance of 100 feet, and is shown to have 
an average width of 4^ feet. The ledge can be traced as far 
as the Sauk river, where it has an outcrop of 6 inches. It has 
an east and west trend and a dip that is nearly vertical. 

Blue Bird* — The Blue Bird group of claims is owned by S. S. 
Gardiner and others of Everett. Between two and three hun- 
dred feet of tunneling has been done on this property, and 100 
tons of good ore taken out which assays about I33 per ton. 
The vein of ore has an average width of eight feet. 

EIwell-Darrington* — The property of the Elwell-Darrington 
Mining Company is on the east side of Gold mountain, and is 
located on an extension of the Burns group. The principal 
ledge is from 7 to 8 feet wide, with a pay streak varying from 2 
to 3 feet in width. 

Harlcy* — The Harley group consists of eight claims, which 
are situated about the middle of Gold mountain, and owned by 
Chas. Burns. The vein of ore is 4 feet wide and outcrops for 
about 150 feet. It carries mostly gold values, and assays I42 
or I43 per ton. 
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Httnter and White Gander* — The Hunter and White Gander 
group, made up of six claims on the west side of Jumbo moun- 
tain, is owned by Burns and Neste. The development work 
consists of three open cuts and one 50-foot tunnel on the Hunter, 
and one 1 5-foot tunnel and two open cuts on the White Gander. 
The average assay value of the ore is between I15 and $20 per 
ton. 

Molly* — This group is also located on Jumbo mountain, and 
is owned by Neste and others. The development work on these 
claims consists of two tunnels, one of which is about 170 feet 
in length, and another 50 feet in length. The average assay 
value of the ore is about f 15 per ton, of which one half is in 
gold and the remainder in silver and copper. The same pro- 
portion holds good with the other ores of Jumbo mountain. 

Sloman* — The property is situated on the north side of 
White Horse mountain. The ledge is about five foot wide, and 
a mill test made on the ore gave it a value of $33 per ton. The 
property has been developed to the extent of two tunnels of 50 
feet each. 

There are many other properties in the Darrington district 
which have been located for some time, and upon which a con- 
siderable amount of development work has been done. There 
is no reliable data at hand concerning these, and for that reason 
they can not be mentioned in this report. 

STILAGUAMISH DISTRICT. 

By Wm. S. Thtwo. 

The Stilaguamish mining district, of which the center is Sil- 
verton, lies upon both sides of the Stilaguamish river, in very 
nearly the geographical center of Snohomish county. Silverton 
is reached from Seattle, via Everett, by the Everett & Monte 
Cristo Railway, which follows the valley of the Stilaguamish 
river. The town of Silverton, located in the river valley, lies at 
an altitude of about 1,500 feet above sea level, while on both 
sides the mountains rise to a height of from 3,000 to 5,000 feet 
above sea level, with the characteristic rough contours of the 
Cascades. 

Previous to 1897 a very large number of claims had been 
located in this district, both north and south of the river, and 
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many of the properties so located had already given great prom- 
ise as future producers, and considerable ore had been shipped, 
when in November, 1897, the excessively high water in the Stil- 
aguamish, caused by the melting snows above caused a number 
of very bad washouts along the line of the Everett & Monte 
Cristo Railway, putting a stop for the time being to all mining 
operations along the line. This shutdown, as it may be termed, 
of all the mines of Silverton, continued until early in the season 
of 1 90 1, when the railroad having been extensively repaired, 
and even rebuilt at many points, mining operations were again 
resumed. The repairs made upon the roadbed were of so sub- 
stantial a character, and so well protected is the road, that no 
future trouble is looked for from high water in the river. 

The general direction of the Stilaguamish, as it passes 
through this district, is east and west, which is also the general 
trend of the mountains on both sides of the river. From the 
river valley at Silverton wagon roads and trails, principally the 
latter, radiate in all directions to the different mining properties 
located in the surrounding mountains. A broad mineral belt, 
averaging perhaps ten or twelve miles in width, and which con- 
tains most of the important ledges of the district, extends nearly 
north and south at this point. The individual veins or ledges 
extend in a general east and west direction, those lying to the 
north of the river showing a general tendency to strike a little 
to the north of east, while those on the south side of the river 
maintain a general strike to the south of east. The veins thus 
show, apparently, a tendency to converge as the river is followed 
downward or westward. 

It seems altogether probable that the mineral belt described 
is the same which includes Darrington on the north and Index 
on the south, although the ores of the latter locality can hardly 
be called similar. The underlying or fundamental rock of the 
district is undoubtedly granite, with certain of the sedimentary 
rocks superimposed above. Following down the valley of the 
Stilaguamish, from above its junction with Palmer creek to a 
point several miles below Silverton are found a series of terminal 
moraines, showing clearly the glacial retreat up the river valley. 
At some points these moraines immediately overlie the granite 
formation. 

While many true fissure veins are found in the district, still 
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a large number of ledges occur at contacts of granite and dior- 
ite.* The characteristic ore is chalcopyrite, which in the major- 
ity of cases carries the gold values. The chief values found in 
all the ore thus far mined lie in copper, gold aud silver, which 
last usually occurs with galena, found in a greater or less 
amount in most of the ores. P3rrite, arsenopyrite (mispickel) 
and pyrrhotite are very frequently found associated with the 
more common chalcopyrite ; zinc blende (sphalerite) is also fre- 
quently met with, and most commonly occurs associated with 
the galena. Small quantities of ruby silver, chiefly antimonial 
(pyrargyrite), are occasionally found, notably in the ore of the 
Forty-five mine. 

The topography of the country is admirably adapted to eco- 
nomical mining, many of the mountain slopes being so steep 
that considerable depth may be obtained with a comparatively 
small amount of tunnel work. As but one of the mines of the 
district, the Forty-five, is or has been a regular shipper of ore, 
Silverton may fairly be considered as in its infancy as regards 
production, and it may readily be seen that an enormous amount 
of ore lies in the surrounding mountains, ready to be mined and 
shipped without the sinking of a single shaft. While the smaller 
creeks which drain the district and empty into the river from 
the sides, can not all be depended upon for a steady flow at all 
seasons, and hence do not offer the best facilities for water 
power, still outside of the question of power, they should fur- 
nish ample water for each individual camp. 

The district has not by any means been thoroughly prospected 
at all points, although the ground has been fairly well covered 
within a radius of four or five miles from Silverton. Most of 
the region is heavily timbered, which, together with the thick 
surface soil at many points, makes thorough prospecting a diffi- 
cult matter. Mr. R. H. Stretch, who has made a careful study 
of the geology of the district, is authority for the statement that 
a few miles east of Silverton, the overlying sedimentary rocks 
contain thin beds of coal, apparently semi-bituminous, which in 
all probability belong to the same age as the coal fields of Hamil- 
ton, in Skagit county, but lying on the eastern slope of a broad 
anticline along the crest of which the mineral zone has been devel- 
oped. Mr. Stretch further believes that it is not unlikely that 
the general strike of one system of lodes — the northwest — is in 

5— II 
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some way connected with the southeast course of Deer creek, 
which is continued in the bed of the Stilaguamisb river from the 
mouth of Deer creek to the summit of Barlow pass. To this 
system belong such mines as the Forty-five and the Bonanza 
Queen, to the south and north of Silverton respectively, the fis- 
sure in each case having been traced through many contiguous 
claims. 

Ore was first discovered in this region in the summer of 1891, 
when the Hoodoo, Independent, Anacortes and Bonanza Queen 
ledges were found and located. The first name of the camp was 
Independence, but in August, 1891, the name Silverton was 
adopted, and a town site was established the following winter. 
The railroad was built in 1892-3. 

Forty-Fhrc* — This is the only property in the district which 
has shipped any large amount of ore at the present time. It 
is owned and managed by the Forty-five Consolidated Mining 
Company, of which Mr. L. A. Dyer is president and Mr. N. B. 
Jones, superintendent ; the offices of the company are in Seattle. 
The company owns six claims upon what is known as the Deu 
Free lode, and located on an air line about two miles southeast 
of Silverton. The mine is reached from the town by pack trail, 
which passes through Marble pass at an altitude of 4,190 feet; 
the mine is also reached by wagon road from Sultan, a point to 
the southwest on the line of the Great Northern Railway. 

The six claims owned by the company are the Herb, Norm, 
Mountain Ram, Magus, Deu Free and Hard to Beat. The ore 
body is a fissure vein cutting through diorite, and strikes a few 
degrees to the north of west, dipping south at an average angle 
of 80 degrees. The average width of the ledge is not far from 
six feet, and the mineralization is quite uniform, there being no 
distinct pay streaks; the gangue material is largely quartz, 
much of it somewhat decomposed. Although the chief values 
are in silver and gold, the ore is very base, carrying an average 
of four per cent, of galena, and considerable amounts of zinc 
blende and iron pyrites, besides some chalcopyrite and mispickel ; 
gray copper ore ( tetrahedrite ) is also found, sometimes in notable 
quantities. The greatest values in both of the precious metals 
are found in the galena, although some of the silver is associ- 
ated with the pyrite ; near the surface, considerable ruby silver, 
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mostly of the antimonial variety (p3rrargyrite), is encountered, 
often in large enough quantities to form handsome specimens. 

The main workings of the mine are located on the Magus 
claim, about 4,000 feet above the sea level. Here the main tun- 
nel, No. 2, has been run in 232 feet to the vein, along which 
about 950 feet of drifting has been done ; from this drift, a two- 
compartment shaft, 5 by 8 feet in cross-section, has been sunk a 
distance of 107 feet, and at the 75-foot level, 135 feet of drifting 
work has been done. From the main level, cross-cuts aggregat- 
ing 150 feet have been run, chiefly to prospect for parallel ledges. 
On the Deu Pree claim, tunnel No. i, the first one driven by the 
company, cuts the vein at a distance of 27 feet, and from that 
tunnel 100 feet of drifting has been done. About 175 feet of 
drifting has been done upon the Hard to Beat claim, the most 
easterly of the group. All drilling is done by hand, as, with the 
single exception of the Independent mine, no machine drills are 
used in the district. 

The contours of the country, and present economic condi- 
tions, make it necessary to carry the ore by aerial tramway to 
Silverton, the nearest railroad point. A wire rope gravity tram 
of the Hallidie patent, bnngs the ore down the mountain side, a 
distance of 3,700 feet, to the headquarters camp, located at an alti- 
tude of about 3,000 feet. At this point the ore is roughly hand- 
picked and transferred to a second tram, of the same patent, 
13,200 feet long, which runs via Marble Pass (whose altitude is 
4,190 feet), to a point upon the railroad about one-quarter of a 
mile below Silverton, and from whence the ore is shipped. As 
the two parts, or legs of this main tram, on each side of Marble 
pass, are too nearly equal to admit of its running by gravity 
alone, additional power is had from an electric motor placed at 
the headquarters station. 

Previous to the building of this tram, in 1897, high grade ore 
was taken to Silverton by pack train, and shipped from that point. 
The tram was completed just as the washout occurred upon 
the railroad, but considerable high grade ore was still shipped 
while the railroad was out of service, by wagon road, to Sultan. 
This shipment by pack train and wagons involved the accumula- 
tion of considerable ore of lower grade at the mine and head- 
quarters camp, and in August, 1901, it was estimated that about 
15,000 tons of this lower or second grade ore was still on hand. 
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Little Chief* — About a mile and a half due south of the 
Forty-five No. 2 tunnel is found the Little Chief property, owned 
by the Stilaguamish and Sultan Mining Company, of which Mr. 
J. W. Clise, of the Clise Investment Company, Seattle, is vice- 
president and general manager. Upon this property, which lies 
on the west side of Little Chief peak, about 300 feet of tunneling 
and 100 feet of drifting has been done, together with some 60 
feet of cross-cuts. The company has also done considerable 
prospecting with diamond drill, but the mine has thus far never 
been a producer. Tbe ore is low grade, with the chief values in 
gold and copper. 

Independent* — Of the other properties upon the south side 
of the river, the Independent probably comes second in impor- 
tance at the present time, to the Forty-five. This mine is located 
less than a mile to the southeast of Silverton, and of all the 
properties of the district, is probably the easiest of access. It is 
owned and operated by the Copper-Independent Consolidated 
Mining Company, of which Mr. M. D. Little, of Boston, Mass., 
is president, and Mr. Arthur W. Hawks, of Snohomish, general 
manager. 

The ore body is a fissure vein in granite, and strikes very 
nearly north and south, with a steep dip. The values are in 
gold, associated chiefly with arsenopyrite, although considerable 
amounts of iron pyrite are found. The mineralization is quite 
uniform throughout the ledge, which is wide and has pronounced 
walls. The ore is of such character as to require concentration 
before shipping. The main opening consists of a drift about 
500 feet long, from which a raise has been pushed up 120 feet 
to a short tunnel or drift above. That the vein matter upon the 
ledge is very soft is shown by the fact that it has suffered a large 
amount of erosion between the walls, forming a steep chasm, 
which has become the bed of a small water course. A three- 
drill air compressor was installed at the mine during the summer 
of 1 90 1, and preparations made to put out ore for shipment, but 
since that time it has been impossible to obtain from the officers 
of the company any information as to advancement in develop- 
ment. One car load of picked ore has been shipped to the 
smelter at Everett. 

Imperial* — The Imperial mine, owned and operated by the 
Imperial Mining Company, lies about one and one-half miles 
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east of Silverton. The president of the company is Mr. James 
E. Deu Pree, of Marysville, and Mr. M. Swinnerton, of Silver- 
ton, is superintendent. The company owns eleven claims cov- 
ering three ledges, the most important of the claims being the 
Anacortes and the Mountain View. The main vein is in a con- 
tact of diohte and conglomerate. The chief values of the ore 
are in copper and silver, with some small amounts of gold. A 
total of about 400 feet of development work has been done, the 
main tunnel having an altitude of 2,500 feet. 

Bonanza Queen* — This group of eight claims is located about 
one mile due north of Silverton, and on the west side of Deer 
creek. The property is still in the hands of the original loca- 
tors, who are represented in Silverton by Mr. A. Sutherland. 
The claims cover four distinct ledges, of which the most impor- 
tant are the Bonanza Queen and the Oregon, running nearly 
parallel and side by side. It strikes southeast by south, and 
stands nearly vertical. The values are chiefly in gold and cop- 
per, which occur associated with mispickel. The vein is wide, 
and the mineralization, forming the pay streak, has taken place 
chiefly along the foot wall. A total of about 1,200 feet of devel- 
opment work, mostly drifting, has been done upon the property ; 
the very abrupt slopes which are met with, particularly upon the 
most northerly claims, offering unusual facilities for cheap min- 
ing. The average altitude of this group is 2,700 feet. 

St* Louis* — The St. Louis mine is on a ledge which is cut by 
Deer creek, about three miles north of Silverton. It is reached 
from town by a four-mile wagon road, following up Deer creek. 
The ledge is mostly of high grade ore but is very narrow, rang- 
ing usually from about 18 to 36 inches. The property has been 
opened by two drifts, connected by a winze, some of the work 
having been done by power drills. The main drift is about 600 
feet in length, and shows good continuity of ore, which is mostly 
chalcopyrite, with copper values running about 20 per cent. 
Considerable silver and some gold is found associated with the 
ore. At the present time very little besides assessment work is 
being done upon the property. Some small shipments have 
been made. 

Helena* — This group of claims, owned by the Deer Creek 
Gold and Copper Mining Company, is located some two miles 
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north of the St. Louis upon the divide between Deer creek and 
Clear creek. All of this divide is taken up in claims, which 
cover two systems of veins. The wagon road which leads past 
the St. Louis reaches to the foot of the divide, but in order that 
ore may be shipped in any quantity, a train of some form will 
be necessary to bring it down from the mine. The granite for- 
mation is exposed for several hundred feet along the side of the 
mountain, and shows a ledge of great width carrying low grade 
ore. The main tunnel, which is located some 800 feet from the 
summit, is 124 feet long, and from it 125 feet of drifting has 
been done. Another tunnel has been started about 1,000 feet 
below to tap the main ledge. A number of small shipments ac^- 
gregating about 150 tons were made before the railroad washout 
to the smelter at Everett, but at the present time nothing 
beyond assessment work is being done. 

Another group of claims near by and well worthy of mention 
is that of the Four Brothers, owned by the Copper-Independent 
Consolidated Mining Company. About 130 feet of development 
work has been done upon this property, which lies west of the 
Helena group. 

Although, outside of the Forty-five mine, no ore of any conse- 
quence was shipped from this district during the past season, 
1 90 1, a very large amount of assessment work and considerable 
further development was done, notably upon the Hoodoo group 
south of the river, and owned by the Stilaguamish and Sultan 
Mining Company, the Fraction, New Seattle, Cleveland and 
others. 

Silverton is but 48 miles by rail from the Everett smelter, 
which fact in itself should be of the greatest value in the future 
successful development of the district. 

MONTE CRISTO DISTRICT. 
By Wm. S. Thyng. 

This district is located in the eastern part of Snohomish 
county, about twelve miles southeast of Silverton. The town of 
Monte Cristo, which forms the terminus of the Everett & 
Monte Cristo Railway, is reached from Seattle via that road, 
making connection with the Northern Pacific branch line at 
Hartford Junction, or with the Great Northern Railway at Ever- 
ett. Monte Cristo is located in the valley of the Sauk river, just 
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below its source ; the town occupies an immense natural basin, 
with precipitous mountains rising upon all sides, which are cut 
in many places by steep gulches. 

The first claim staked in the district was the Independence 
of 1776, located on the 4th of July, 1889. This claim is situated 
upon the east side of what is now known as Seventy-six gulch. 
The ledge has a most pronounced outcrop which can be traced 
a long distance up the steep side of the gulch, until it is finally 
lost under a large glacier. The ore body at the outcrop is com- 
posed largely of galena. It has been opened at several points 
by short drifts and open cuts, but no ore has been shipped and 
no work worthy of mention has been done upon it for several 
years. This is now one of the many properties in the district 
owned by Mr. John D. Rockefeller and his business associates. 

All of the properties of this district, like those tributary to 
Silverton, underwent an enforced shut-down during the two 
years following the washout of the Everett & Monte Cristo 
Railway, which occurred in November 1897. During this period 
the only means of communication with the outside world was 
over tlie dismantled roadbed of the railway which follows the 
valley of the Stilaguamish river. Since the repairing and re- 
building of the railway, while this dirtrict has not enjoyed the 
marked revival of interest which has taken place in Silverton, it 
has nevertheless resumed its place as a large producer of ore. 
The output has been, however, almost entirely from the prop- 
erty of the Monte Cristo Mining and Concentration Company, 
which is, therefore, at the present day as well as in the past, the 
chief producer. 

Monte Cristo* — The Monte Cristo mine, operated by the 
above mentioned company, of which the president and chief 
stockholder is Mr. John D. Rockefeller, and the superintendent 
Mr. William £. Sutton, is now operating three claims, viz. : the 
Pride of the Woods, the Pride of the Mountains, and the Eighty- 
nine. These are three of the fourteen claims upon which the 
mine is located. The company owns a total of thirty-five claims 
in the district. In the Monte Cristo mine about 12,000 feet of 
tunnel and cross-cut work have been done, besides a large amount 
of stoping. The principal vein, which has been formed in a fis- 
sure in diorite, strikes a little north of east with a dip ranging 
from 55 degrees to 70 degrees to the northwest. The values run 
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chiefly in gold and silver, although some lead is saved in smelt- 
ing. The milling ore extracted from the mine averages $6 per 
ton in value, of which about I4 is in gold. This ore is concen- 
trated in the company's mill, located in the town of Monte Cristo. 
In the concentration the ore is brought down from 3 or 3^ tons 
to I ton. The mine is located due east of the town, all of the 
ore being transported to the mill by two wire rope trams, of the 
Bleichert patent, one 3,6oo*feet and the other 6,250 feet in length. 
The mine during the past summer (1901) was producing ore at 
the rate of 3,500 tons per month, so that about 1,000 tons of 
concentrates were shipped monthly. While working, with the 
exception of the first two years of its history, the mine has pro- 
duced an average of 39,000 tons of milling ore yearly. All of the 
ore which is mined is crushed and washed, the product containing 
an average of but ten per cent, of gangue matter. The loss in 
concentrating is stated to vary from 18 to 30 per cent, according 
to the degree of mineralization of the ore treated. All of the 
concentrates are shipped to the smelter at Everett. 

During the summer of 190 1 the Monte Cristo was the only 
mine in the district that was shipping ore. Other properties 
were either lying idle or else undergoing little besides assessment 
work. 

O* and B* — Among the other properties which have shipped 
ore from this district in times past the O. and B. mine should 
be mentioned as perhaps the most important. This mine was 
operated until a short time before the railroad washout, when 
operations ceased, it is understood, on account of certain internal 
troubles among the owners. The mine is located about one-half 
mile south of Monte Cristo and has an elevation of some 1,200 
feet above the railroad. The ore occurs as a fissure vein in 
diorite. The outcrop is exceedingly well defined and with the 
present development shows good continuity of vein. The ore 
consists mostly of pyrite and arsenopyrite (mispickel) with some 
galena and zinc blende in a gangue of quartzite. The develop- 
ment to date consists of two drifts about 70 feet apart, vertically, 
and aggregating about 600 feet in length. Considerable stoping 
has also been done, mostly from the lower, or main drift. The 
ore was hand-sorted at the mine and brought down to the rail- 
road by means of a wire rope gravity tram. The tram has been 
removed since the shut-down of the mine. About twelve car 
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loads of ore in all were shipped from this mine to the smelter at 
Everett. 

The ore bodies in the district exist largely as lenticular masses 
with very little uniformity in strike and dip. It has been found 
in the development of a number of the properties, that on the 
flatter pitches in these lenses the mineralization is heavier than 
where the dip is steeper, but that at the same time the gangue 
minerals are quite largely disintegrated. At all depths so far 
reached, the greatest of which exceeds 1,200 feet from the sur- 
face, sphalerite (zinc blende) is encountered in quantities aver- 
aging about five per cent, of the total mineralization and carrying 
small amounts of disseminated galena. The pure galena which 
is found in these veins rarely occurs, however, at a greater depth 
than 150 feet and then usually accompanied by chalcopyrite in 
varying quantities. The arsenop3nrite or mispickel, which carries 
the greatest amount of gold values, is found pure at all depths 
and rarely changes its value in gold; the iron pyrite undoubtedly 
decreases in value with depth, and in many instances is altered, 
or replaced by pyrrhotite. Realgar is found at all depths and 
runs downward from the surface in distinct and narrow chim- 
neys. 

The ore shoots themselves, so far as have been shown by the 
development work in the Monte Cristo mine, have never been 
less than aoo feet long (measure along the strike of the vein), 
and over 700 feet in depth. The ore shoots or pay streaks are 
readily distinguished on the eroded surface of the outcrop as well 
as under ground. The arsenopyrite, or white iron as it is locally 
called, carries values as high as 2^ ounces of gold and 6 or 7 
ounces of silver per ton of ore. 

Thus far in the development work of the district no faulting 
to any extent in the ore bodies has been discovered. 

SILVER CREEK DISTRICT. 

By Wm. S. Thtno. 

This district, as the southern extension of the Monte Cristo 
mineral belt, forms practically a connecting link between the 
Monte Cristo district on the north, and the Index district on the 
south. Silver creek has its source in Silver lake on the divide 
about one and one-half miles southwest of Monte Cristo, and 
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joins the north fork of the Skykomish river at Galena, nine 
miles to the southward. 

The mines in the district are properly tributary to Index, 
from which place an excellent wagon road, built and main- 
tained by Snohomish county, follows up the north fork of the 
Skykomish river ten miles to Galena, the most southerly point 
of the district. From Galena, all of the different properties lo- 
cated further up on both sides of the creek, are reached by trail. 
The district received its name from the deposits of silver-lead 
ore first found in the neighborhood of Galena. As the country 
above was further prospected and developed, however, large 
bodies of copper and iron canying gold were found, so that 
when the district becomes a producer, the ores shipped will be 
of a varied character. The district was one of the first discov- 
ered in the Cascades, and although it contains a very g^eat 
number of properties, many of them high grade, the lack of 
transportation facibties thus far has been the cause of a dispro- 
portionately small amount of development work being done. A 
railroad built from Index into the district would undoubtedly 
awake the very greatest activity in mining work, and there are a 
considerable number of properties which could thus at once be 
placed upon a paying basis. 

The country rock of the district is mainly granite, less of the 
overlying sedimentary rocks being found than at Silverton to 
the northward. The granite outcrops at a number of points 
along the entire length of Silver creek. The ore bodies are 
mostly true fissure veins, which have a general trend a little to 
the south of east. The ledges or veins are cut and faulted to 
some extent by probably a later series of fissures, which appear 
to have a general direction or strike of northeast and southwest. 
It should be remembered that the mineralization at the head of 
Silver creek, in the upper part of the district, is principally in 
copper and iron, the latter appearing chiefly as arsenopyrite, 
carrying the greater values in gold and silver ; the lower part of 
the district, about and immediately above Galena, contains a 
large amount of silver-lead ore, although considerable chalcopy- 
rite is still found here carrying some gold but taking second 
place. 

Bonanza* — Possibly the most notable property in the district 
is that of the Bonanza Mining and Smelting Company, of which 
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Mr. Peter Chiodo, address Index, Washington, is president and 
general manager. This property consists of twelve claims, lo- 
cated on the west side of Silver creek, one mile above Mineral 
city, or about midway between Galena and Monte Cristo. These 
twelve claims are the Louise, Edison, Rattler, White Rose, 
Emma, Monarch, Northern Light, Leo, Maggie, Jessie, Juno 
and Red Rose. Considerable parallelism is found in the ledges 
covered by these claims, the general strike being a little east of 
north. Up to August, 1901, the development work aggregated 
some 1,500 feet; a main crosscut tunnel has been run into the 
mountain, a distance of over 600 feet and has cut five wide 
ledges of 60, 40, 15, 10 and 10 feet respectively. At a point 
about 100 feet beyond its present face this crosscut tunnel is ex- 
pected to reach the Edison ledge, supposed to be 50 feet wide. 
Besides this main tunnel a considerable number of prospect tun- 
nels and open cuts have been driven to prove the continuation 
of the deposits, all on a higher level. The ore is arsenopyrite 
and chalcopyrite, the former carrying gold. All five ledges con- 
tain concentrating ore at many points, which extends from wall 
to wall. The value of the ore is mostly in gold, which as before 
mentioned is found chiefly associated with the arsenopyrite. 
The value of the ore varies from tio to $1$ per ton. The veins 
are true fissures and the country rock is granite. ( C. R. Red- 
ding, Index.) 

G>pper Chkf* — The Copper Chief claims, four in number, 
operated by the Copper Chief Mining Company, are all located 
upon a ledge extending from a point on the west bank of Silver 
creek about midway between Galena and Mineral City for 6,000 
feet up the mountain side. The ledge strikes about east and 
west, with a nearly vertical dip. The property was opened up 
in June, 1899, since which time about $5,000 has been spent in 
development work. A total of 320 feet of drifting has opened 
up considerable ore, of which the assays average I24 in gold, 
silver and copper. The vein is eight feet in width and the ore 
consists of chalcopyrite, galena and arsenoyyrite, which last 
carries most of the gold values. 

Ontario* — The Ontario group of five claims, lying immedi- 
ately south of the Copper Chief group, is located upon a ledge 
which is very nearly parallel to that of the Copper Chief. Work 
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was begun upon this property in March, 1900. A number of 
drifts have been run upon the vein at different levels, aggrega- 
ting in length a little over 400 feet, and it is estimated that 
about 100 tons of ore are at present on the dump. The ledge 
is about six feet wide, and dips steeply to the north. The ore 
is chiefly galena, carrying paying quantities of lead and running 
high in silver. Some value in gold is also found, but associ- 
ated chiefly with iron pyrite, which occurs in small quantities. 
The country rock of this property and also of the Copper Chief 
is diorite. 

During the summer of 1901 a considerable amount of devel- 
opment work was done in the district over and above 'the nec- 
essary assessment work. As a result of a number of important 
properties having recently changed ownership, the season was 
one of considerable activity. 

INDEX DISTRICT* 
Bt Wm. S. Thtno. 

The Index district, of which the town of Index forms the 
economical center and shipping point, is located in the southern 
part of Snohomish county. The town is situated at the junction 
of the north and south forks of the Skykomish river, and may be 
said to be practically surrounded by its tributary mining proper- 
ties, although most of the more notable ones lie upon the eastern 
side ; the property of the Bunker Hill and Sullivan Copper Min- 
ing company, which lies five miles to the northwest, is the most 
noteworthy exception to the last statement. Index lies upon the 
main line of the Great Northern Railway, 69 miles from Seattle, 
and but from 36 miles from the Everett smelter. The excellent 
transportation facilities thus enjoyed by the district gives it a 
signal advantage over the greater number of the mining districts 
in the Cascades, and indeed, over the greater proportion of the 
mines in the whole State of Washington. 

The Index district is here considered as including all of the 
properties located along and on both sides of the north fork of 
the Skykomish river, both below and above Galena. The Silver 
Creek .district, tributary to Index, and described elsewhere, is 
often considered as including all of the mines between Monte 
Cristo and Index, located along the courses of both Silver creek 
and the north fork of the Skykomish, the former stream joining 
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the latter at Galena, ten miles above Index. On account of the 
geographical features, however, as well as of the marked differ- 
ence in the character of the ores above and below Galena, the 
first mentioned division is thought to be more logical and proper. 

The mines of the district are located mostly at some little 
distance from the town, the nearest property of importance being 
that of the Index Mining company, to be described later. Some 
of the mines, notably the Ethel and the Sunset, are provided 
with excellent means of ore transportation to Index, by wagon 
road and surface tram. The Copper Bell, the property of the 
Bunker Hill and Sullivan Copper Mining company, has its own 
connection with the railway, at a point about five miles west of 
the station at Index. Thus far most of the other properties are 
reached only by trail, but a considerable number are so located 
that connection might easily be had with the nearest point upon 
the railway by means of aerial or wire rope tramways. 

The fundamental formation of the district is granite, which 
is in places crossed by dykes of trap, and at other points is over- 
laid with what appears to be slate, probably metamorphosed 
shale, and which is considerably altered and softened at the sur- 
face. Small amounts of impure limestone are also found at 
certain points. So far as development has progressed tl\ere ap- 
pears to be but little uniformity in the trend or direction of the 
important ore bodies, but by far the greater part of the ledges 
appear to be fissure veins, cutting the granite formation. The 
typical ores are chalcopyrite and bomite, the latter being gener- 
erally found in greater proportion as depth is attained. Along 
with bomite, in many instances, a considerable amount of chal- 
cocite (copper glance) is found, and in some few instances small 
quantities of tetrahedrite (gray copper ore) are met with. Silver 
is found in many instances in connection with the copper and 
iron and often in considerable amounts ; gold is not so usual,, 
however, and is rarely high in value, although in this district some 
veins have been discovered of what may be fairly considered true 
gold ore ; this gold ore is claimed to be free-milling, although 
the properties have never been worked. Index is, therefore, to 
be properly considered a copper mining district, and as such it 
is, and always has been, exploited. 

EtheL — By reason of its great activity during the past season, 
that of 1901, and the amount of surface development accom- 
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plishedy the property of the Ethel Copper Mining Company 
should probably receive first mention in this district. Mr. G. 
A. Pounder, Seattle, Washington, is president of the company, 
and Mr. G. C. Clark, Everett, is superintendent. The property 
is located five and one-half miles northeast of Index, upon Ex- 
celsior creek, and but a few hundred feet above the junction of 
the latter stream with the Skykomish. It is reached from the 
main county wagon road extending from Index to Galena, by 
its own wagon road, built mainly of puncheons ; this road, which 
was built during the fall of 1900, at a cost of $2,000, is 2,500 
feet long, and has an average and fairly uniform grade of 10 per 
cent. This road is built up to the headquarters camp, at which 
point a concentrating mill has just been erected, with a capacity 
of 100 tons per month. The mine property comprises a group 
of eight claims, five of which are at present being operated to a 
greater or less extent. The principal mine workings are located 
about 2,600 feet northwest of the millsite, or headquarters camp, 
and at an elevation of 600 feet above the same, and a surface 
tramway, part of which will operate by gravity, was built at the 
same time as the mill, for the purpose of bringing down the ore. 
The mine was opened in October, 1899, since which time a con- 
siderable amount of development has been done, the ore-body 
having been blocked out so that stoping could begin with the 
completion of the mill. Two main tunnels have been driven 
175 feet apart vertically, to reach the vein ; the lower tunnel is 
460 feet in length, and from it something over 250 feet of drift- 
ing has been done upon the vein ; a raise has also been pushed 
up from this drift, a distance of 75 feet ; the upper tunnel 
reaches the vein at a point 213 feet from the surface, and from 
this tunnel drifting has been carried in both directions, aggre- 
gating 500 feet, with a rise 80 feet in height. Besides these 
two principal openings, about 600 feet of cross cuts have opened 
up the vein at a number of points. The main ore-body, so far 
as is shown by the developments to date, appears somewhat len- 
ticular in shape, with an average width of about six feet. It is 
apparently a fissure vein, and strikes east and west with a verti- 
cal dip. The country rock is granite. The ore is chalcopyrite, 
bornite, and chalcocite (copper glance), the bornite being con- 
siderably in excess, particularly in the lower levels, or as depth 
is reached. The average copper contents of all ore mined are 
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about 4 per cent., and it has been found thus far that silver oc- 
curs in amounts averaging two ounces to each per cent, of cop- 
per in the ore. The gangue matter is essentially quartz, but at 
some points small amounts of calcite are found included in the 
vein matter. The elevation of the upper tunnel is 1,840 feet 
above sea level. During the summer of 1901, when a large 
amount of work was done m surface improvements and develop- 
ments, about forty-five men were employed, of which number 
ten were working underground. The surface plant at the head- 
quarters camp includes, besides the concentrating mill, a small air 
compressor, a very complete saw mill, and the necessary build- 
ings for the accommodation of the men. It is estimated that 
about 5,000 tons of milling ore are now upon the dump, but no 
ore has at this date, August, 1901, been shipped. 

Sunset* — The Sunset mine, owned and operated by the Sun- 
set Copper Mining Company, is located about six miles north- 
east of Index on Trout creek. The property is reached from 
Index as follows: From a point immediately above the town, on 
the north fork of the Skykomish, the company has built a sur- 
face tram which follows up the river, along its east bank, four 
and nine- tenths miles, to the mouth of Trout creek; thence, 
crossing Trout creek a gravity surface tram, 1,300 feet long, 
runs up the side of the mountain; thence, a further surface tram, 
one mile long, leads to the mine. The property comprises eight 
claims, located upon three parallel ledges, which strike east and 
west, and dip steeply to the north. Up to the present time, 
only one of the three ledges has been developed to any extent. 
This ledge, which cuts the granite formation, varies in width 
from 3)^ to 16 feet, but no figures of average width could be 
gained. It has been found that the percentage in copper con- 
tents is greatest in the swells or lenses. The ore is essentially 
chalcopyrite and bornite, the chalcopyrite only appearing upon 
the outcrop and in the workings near the surface, the bornite 
coming into evidence as greater depth is reached; the ore car- 
ries varying amounts of gold and silver, the percentage of gold 
being greater in the chalcopyrite, and that of silver in the born- 
ite, rather a remarkable fact. The gangue matter is mostly 
quartz, showing some decomposition on the outcrop, but becom- 
ing very solid as depth is gained. The main tunnel, which is 
located at an elevation of i»450 feet above sea level, struck the 
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vein at a depth of 200 feet, and from that point drifting was 
carried in both directions, aggregating about 500 feet, and a rise 
was made to the surface. From these workings about 150 tons 
of selected ore were shipped to the smelter during the summer 
of 1899. Besides the main opening just described, a number of 
short crosscuts, all at higher levels, have been made to the vein, 
besides some small open cuts. 

G>I>per BelL — This property, owned by the Bunker Hill and 
Sullivan Mining Company, is located five miles northwest of 
Index, and one-half mile from the Great Northern Railway. It 
consists of nine claims, of which but two, the Copper Bell and 
the Jumbo, have been developed. The two ledges represented 
by the developed claims lie parallel with a strike of north fifty- 
five degrees east. The angle of dip has not as yet been determ- 
ined since no distinct walls have been found up to the present 
time, and development work has not as yet been pushed far 
enough in depth for any accurate measurements to be made. 
Copper occurs in both ledges in the form of chalcopyrite, which 
is stated by Mr. Eckerson, the superintendent, to average, so 
far, 8 per cent, in copper with $2 in silver to the ton, and a trace 
of gold. 

The total underground development to date is about 1,000 
feet, most of this work having been done upon the Copper Bell 
claim. The work upon the Jumbo claim, up to August, 1901, 
consisted of 90 feet of tunnel, 35 feet of crosscut and 20 feet of 
shaft. A four-drill, steam-driven, Leyner compressor was in- 
stalled at the Copper Bell mine in the autumn of 1901, and at 
that time the intention was to push development work as rap- 
idly as possible. 

Index* — The property of the Index Mining Company, of 
which Mr. Lot Wilbur, of Snohomish, Washington, is president 
and general manager, consists of five claims located about two 
miles southeast of Index, and south of the Skykomish river. 
The mine is reached by a trail built by the company from a 
point upon the Great Northern Railway about one and one-half 
miles east of Index. This trail is something over a half a mile 
in length, and crosses the south fork of the Skykomish river by 
a suspension bridge, also built by the company. The five claims 
owned by the company are located upon three distinct ledges. 
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only one of which has been developed thus far. This ledge 
strikes northeast and southwest, and dips about one in three to 
the northwest. It averages about three feet in width, and al- 
though all of the vein matter contains some metallic contents, 
considerable concentration of the ore is found along both walls, 
forming two distinct pay streaks. The hanging-wall of the ledge 
is remarkably distinct and regular, and parts readily from the 
vein matter. The ore consists of bornite and chalcocite (copper 
glance), the latter occurring in greater amounts as depth is 
reached. 

The development work, up to August, 1901, consisted of 
three drifts, the lowest having been driven 535 feet, with a shaft 
70 feet deep, located about 160 feet from the portal; the second 
drift, 180 feet (vertically) above the first was 180 feet long, and 
from this opening a 35-foot raise has been made, 80 feet from the 
portal ; the upper drift, 200 feet above the second, was 243 feet 
in length. Four car loads of ore have been shipped from these 
workings, and at the above date a considerable amount of very 
high grade ore, in sacks, was stored at the mine. No work was 
done during the summer of 1901. The only surface buildings 
consist of a small bunk-house, blacksmith shop and sorting 
shed. 

Index-Bomite* — The Index-Bornite Copper Mining Company 
owns two claims, the Barry and the Hillside, located two and 
one-half miles east of Index. These claims are both upon one 
two-foot ledge, carrying bornite. The development work begun 
in June, 1899, consists of a 50-foot tunnel and a shaft 70 feet 
deep, and is stated to have cost together with some surface 
work, about ^1,500. Surveys have recently been made for a 
second tunnel, to tap the ledge at a depth of 200 feet. The ore, 
besides its copper contents, also carries some silver, three assays 
made by Mr. C. R. Redding, of Index, showing 6.2, 3.8 and 8.6 
ounces respectively of silver per ton; copper assays upon the 
same samples showing 16. i, ii.i and 58.9 per cent, respectively. 

Index-Independent* — The Index-Independent Mining com- 
pany owns three claims about five miles southeast of Index. The 
property lies about one mile south of the railroad, from which it 
is reached by trail. The three claims, the Independent, Copper 
King, and Defiance, are all located upon the same vein, which 

II 
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strikes north six degrees east and stands nearly vertical. Up to 
the present time the only claim developed is the Independent, 
upon which about 900 feet of tunneling, drifting and cross-cut- 
ing has been done. The ore consists of chalcopyrite, bomite, 
and chalcocite (copper glance), bornite being in excess; the 
gangue is mostly quartz, although some calcite is found in places. 
The country rock is granite. One carload of ore, whose assay 
value was ^98.98 per ton has been shipped. (Ben. Evans, 
Index.) 

Gunn^s Peak* — Three and one-half miles northeast of Index 
lies the Gunn's Peak property, consisting of four claims, owned 
by the Gunn's Peak Copper Mining company. These claims are 
located upon three ledges of chalcopyrite, which intersect at a 
point about 100 feet ahead of the tunnel now being driven. The 
main ledge, called the Rainbow, runs northeast and southwest, 
and shows a width varying from one to thirty feet on the outcrop, 
which has been uncovered at points for a distance of 1,500 feet. 
The total development to date consists of about 350 feet of tun- 
neling, and 100 feet of cross-cuts. Average samples are stated 
to assay as follows: Copper, 11.4. per cent; silver, ^1.92; 
gold, trace. The mine was opened in July, 1899, and the cost of 
all development work done both underground and on the surface 
s estimated at ^7,000. 

Other properties in the Index district which are sufficiently 
promising to deserve special mention are the North Star, owned 
by the North Star Mining company; the Forty-seven, owned and 
managed by Mr. H. McKinnon, Index ; the Kitanning Copper 
Mining Company, Mr. W. C. Rutter, Index, superintendent; the 
Climax, Copper King, Nonpareil, Trident, and Mammoth. 



KING COUNTY. 



The broad mineral belt in which are located the mines of 
Monte Cristo, Silverton, and Index extends southward into the 
eastern part of King county. Most of the active development 
work in this county has been done in the territory tributary to 
the line of the Great Northern railway, on the streams flowing 
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northward into the south fork of the Skykomish river. Salmon 
creek, Money creek, Miller river and Foss river are the principal 
tributaries on which active operations have been carried on, while 
to the southward across the divides from the headwaters of those 
streams, many claims have been located on territory which is 
drained by Tolt river and the various branches of the Snoqual- 
mie. The general physical features are much the same through- 
out the district. Except along some of the larger river valleys 
the topography is extremely rugged. Bordering the streams 
sharp granite peaks rise to a height of from 6,000 to 8,000 feet 
above the sea, their higher and steeper slopes more or less desti- 
tute of timber on account of the frequent and destructive snow- 
slides of winter and early spring. The vein matter is usually of 
a softer nature than the surrounding Country rock and for this 
reason many of the small lateral streams have chosen the veins 
for their channels. This has simplified the process of prospect- 
ing very greatly and therefore has been a factor in the develop- 
ment of the district. The prevailing country rock is granite, or 
closely allied rock, with a ramifying system of dykes of many 
varieties. 

In the Miller river district it has been observed that the main 
joint plains have an approximate east and west direction and 
cross the main stream almost at right angles. In many of the 
prospects which have been opened up it is found that the ore has 
been deposited along these joint planes. The granite for some 
distance on each side of the vein frequently has some of its 
minerals replaced by ore so that it is often difficult to locate the 
exact contact between the vein and the wall rock. It often hap- 
pens that parallel joints filled with ore are connected with each 
other by joints running at right angles to the main joints, thus 
making it very difficult to follow the main ore body. Many of 
the veins are, in part at least, replacement veins ; that is, the 
ore, besides filling the previously existing fissures, has also more 
or less impregnated the wall rock on both sides of the vein. This 
is usually the case where the ore body is found to be more than 
a few feet wide. 

Surface prospecting, in the higher parts of the district, is 
practically confined to the summer months on account of the 
deep snows of winter. The country is well watered ; innumera- 
ble little rivulets fed by the snows and rain come trickling down 
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the mountain sides and unite to form torrential streams whose 
potential water power is one of the great resources of the district. 
This power can be harnessed at comparatively little expense, and 
it is a foregone conclusion that all the power employed for hoist- 
ing, lighting, and other purposes in the mines of this region will 
be furnished by the streams. Some of the mining companies 
have already made elaborate plans for utilizing the water power. 
Below will be given brief descriptions of a few of the repre- 
sentative mining properties of that portion of King county that 
has just been described. 

Great Republic* — The Great Republic Gold Mining Company 
has a group of ten claims on Miller river, about one and one- 
fourth miles from the town of Berlin, on the Great Northern 
Railway. The company has done about i,ioo feet of tunnel 
work on the claims and a considerable quantity of ore has been 
taken out. The principal values are in antimony, with small 
amounts of gold and silver. A five stamp concentrator has been 
installed at the town of Berlin for treating the ore. 

Mono* — On the east side of Miller river, about two and one- 
half miles north of the town of Berlin, on the Great Northern 
Railway, is located the Mono group of eight claims belonging to 
the Co-operative Mining Syndicate, of Seattle. There is a good 
wagon road for about a mile, and a trail from this point to the 
claims. In the development of the property an upper tunnel has 
been driven for 80 feet, from it a drift 90 feet long has been 
made, and a winze 52 feet deep has been sunk. A second tun- 
nel 140 feet lower down has been driven for a distance of 250 
feet. Still lower down on the mountain side a tunnel has been 
driven 716 feet long, but the ore body has not been reached. 
Assays give an average value of about 4 per cent, copper, {1.25 
in gold and {1.75 in silver per ton. The chief minerals are chal- 
copyrite and arsenopyrite. 

Metropolitan* — The Metropolitan property is on the west side 
of Miller river, about nine miles from the Great Northern Rail- 
way at Berlin, and joins the Cleopatra property. Active devel- 
opment was only begun in August, 1901, and up to date this has 
cost about {2,000. The vein is about 16 feet wide at its maxi- 
mum. The chief values are in gold and silver. (H. J. Mcintosh, 
superintendent. ) 
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Apex* — At the head of the west fork of Money creek, about 
eight miles southwest of Skykomish, and six miles from the 
nearest point on the Great Northern Railroad, is situated the 
Apex mine, upon which considerable work has been done. The 
vein averages about four feet in width and dips about 22 degrees 
to the southeast. The average assay value is about ^35 in gold 
and ^15 in silver and lead. The principal mineral is arseno- 
pyrite. 

This property was first opened in 1893, and up to the present 
time development work aggregating a cost of ^15,000 has been 
done. Tunnels of a total length of 1,800 feet have been driven, 
with about 60 feet of stopes. The ore was carried out to the 
railway by means of pack animals. The smelter returns on the 
300 tons of ore which have been shipped aggregate ^15,000. 
Water power is used to operate the ventilating fan which is used 
in the longest tunnel. (John Maloney, Skykomish.) 

Yellow Jacket* — The Yellow Jacket group of ten claims is 
located on the west side of the east fork of Salmon or Roaring 
creek, and on the south side of the pass leading into the Golden 
Tunnel basin. It is about three and one-half miles from Baring 
station on the Great Northern Railway. There is a good wagon 
road for about one-third of this distance and the rest of the way 
is by a trail. Development work was begun on the property in 
June, 1900, and up to the present time about ^9,000 has been 
expended. The amount of underground workings, including 
tunnels and crosscuts, is approximately 540 feet. A tunnel has 
been run along the hanging wall, and crosscuts made every 100 
feet. The vein upon which the work has been done has a strike 
that is nearly east and west and a dip southward at an angle of 
about 60 degrees. The average assay value or the ore is about 
^16, nearly all gold, but with a trace of silver. It is in part 
free milling, but there is some sulphide ore present. 

Cl^m^-r. — The Climax property is about four and one-half 
miles southwest of Baring, on the Great Northern Railway, and 
is located on the south end of Little Index mountain. There 
are eight claims in the group. About 200 feet of tunnel has 
been driven and a large number of surface cross-cuts made. The 
principal minerals are bornite and chalcopyrite, carrying silver 
and copper. The property was first opened in 1897, and since 
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that time about ^4,900 has been expended in development work. 
No regular shipments have yet been made, but about ten tons of 
ore have been packed out in order to make a smelter test. This 
ore assayed from ^50 to ^100 per ton. 

Cannack« — The Carmack Gold and Copper Mining Company 
has a group of five claims on the south fork of the Snoqualmie 
river, about 22 miles southeast of the town of North Bend, near 
the point where the wagon road over Snoqualmie pass crosses 
the south fork. This property was opened up in 1899 and up to 
the present time the company has expended about ^15,000 in 
development work. About ^3,500 of this has been used for 
hoisting machinery, buildings and other surface improvements. 
They have driven 375 feet of tunnel and shafts. Three veins 
have been worked, the first 12 feet in width, the second two and 
one-half and the third one foot. Up to date about 20 tons of ore 
have been shipped, having a total value of ^1,200. The values 
are in gold, silver and lead. 

Dotch M&ler* — The Dutch Miller property is situated a very 
short distance west of the main divide of the Cascades. From 
it the drainage is westward to the middle fork of the Snoqualmie, 
and northward to Foss river, a tributary of the Skykomish. The 
outcrop upon which the location was made in 1896 stands at an 
elevation of a little less than 5,700 feet above sea, and at a dis- 
tance of about eight miles from the Great Northern Railway at 
Foss river crossing. The ore vein has a maximum width of 
eighteen and one-half feet, and strike of north 70 degrees west. 
The principal mineral is chalcopyrite, and the principal values 
are in copper and gold. Several small shipments of ore have 
been made to a smelter, the returns averaging {37.65 per ton 
after the smelter charges were paid. The development work 
done consists of a shaft, a tunnel, and a considerable amount of 
open or quarry work upon the main ore body. The cost of all 
improvements made upon the property approximates {14,700. 
( H. P. Fogh, president, Seattle.) 
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KITTITAS COUNTY* 



The southeastern half of Kittitas county lies within the do- 
main lOf the Columbia lava, which does not contain as far as 
known any metalliferous deposits. On the other hand the north- 
western half of the county, composed of the typical rock forma- 
tions of the northern Cascades, has within it at several places 
important ledges of ore. These are found more especially to the 
southward and westward of Mt. Stuart. On Clealum creek 
and its several branches the ore veins are easy of access and 
many of them have reached a fair stage of development. In re- 
gard to the mining properties of this region sufficient data is at 
hand for a description of the iron ores only, which is given in 
another section of this report. Along Swauk. creek, in about the 
central part of the county, the most important placer gold de- 
posits of the state occur, as far as known^ and a brief description 
of these will now be given. 

SVAUK DISTRICT. 

As early as 1867 placer gold was discovered on Swauk creek 
in the vicinity of Liberty, and the region has been a good {>ro- 
ducer ever since, but like all old placer camps, in its history it 
has suffered a series of fluctuations. The earlier methods of 
working the pay gravel were more or less wasteful and inefficient 
and as newer and more economical methods are being introduced 
it is found that ground can now be made to pay which formerly 
had to be passed over. The gold is found in the Pleistocene 
gravels which constitute the floor of the valley, and which occur 
also as terraces at varying altitudes above the present stream 
level. The country rock is sandstone and shale of early Tertiary 
age, cut by a large number of basaltic dikes. Along the contacts 
between the dike walls and the sandstone are many brecciated 
veins from two to six feet wide carrying free gold in a gangue of 
quartz and calcite. These veins have been worked to a consid- 
erable extent and are usually considered as the origin of the 
placer gold now found along the streams. Good pay gravel has 
been found on Swauk creek between the mouth of Baker creek 
and the mouth of First creek. Below First creek fine gold in 
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small quantities has been found all the way down to the mouth 
of the Swauk, and recent discoveries of pay gravel in the vicinity 
of Thorp would seem to inspire the hope that good pay may be 
found farther down the Swauk than has yet been thought possi- 
ble. A considerable amount of gold has been taken out of Wil- 
liams creek, which enters the Swauk at Liberty. All the good 
pay gravel is found within three or four feet of bed rock and 
about seventy or eighty feet below the present level of the stream. 

The largest nugget yet found in the district was found within 
the last year on the Elliott claim, on Williams creek, and had a 
value of ^lyioo. Another nugget, ^1,004 in value, was found on 
a bench of Swauk creek above the mouth of Baker. Fine gold 
may be had by panning almost an3rwhere from the surface down- 
wards, but not in sufficient quantities to pay with the present 
methods of working. Owing to an insufficient supply of water 
in the streams sluicing and hydraulicking can only be carried on 
during the short seasons of high water in fall and spring. Along 
Swauk creek good pay gravel has been found on bed rock along 
the terraces bordering the stream, which are sometimes above 
the level of the present stream bed. On Williams creek and its 
tributaries shafts must be sunk seventy or eighty feet to bed 
rock on the old channels and the gravel hoisted to the surface 
to be washed. Considerable water has been encountered in 
these workings, sometimes to such an extent as to cause an 
entire suspension of operations. 

The gold found in the stream gravels is all more or less 
waterworn. Along the talus slopes bordering some of the 
creeks and gulches fine wire and crystal gold has been found in 
paying quantities. The gold of Williams creek and its tribu- 
taries is supposed. to have come from the western slopes of Table 
mountain, where these streams have their source. On Baker 
creek and on Swauk, above the mouth of Williams, the gold is 
probably derived from the Teanaway range on the west. The 
Williams creek gold is worth more per ounce than is that of 
Swauk above the mouth of Williams, owing to its smaller per- 
centage of silver. The Baker creek and upper Swauk gold is 
worth about $13.50 per ounce, while that on Williams creek 
and its tributaries is worth $14.50 to $15 per ounce. 

It is not possible to form even an estimate of the total output 
of these placers. The early workers did not keep any accurate 
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record of their output, and the present operators are keeping 
their information to themselves. At the present time there are 
several companies and individuals at work on Williams creek 
and its tributaries and on Swauk creek. Hydraulic operations 
have been carried on for several years with varying success. 
There is a very large amount of gravel that has never yet been 
prospected and which may be reasonably supposed to contain 
some good pay streaks, so that for a number of years to come 
we may look for a more or less steady output from this district. 



PIERCE COUNTY* 



The coal deposits of Pierce county have been known for many 
years, and the coal mines have now reached an advanced stage 
of development, contributing very greatly to the wealth and 
prosperity of the county. In the last few years a vigorous 
search has been made for metalliferous deposits, and the seek- 
ing has not been wholly in vain. A mineral belt has been dis- 
covered in the central part of the county, having a general north 
and south course, and lying between the coal-bearing sandstones 
on the west and the comparatively recent lava flows of Mount 
Rainier on the east. This belt is not large, but at different 
places within it some valuable ledges of metallic minerals have 
been found. The most important veins of ore as far as known 
occur on the Carbon river, in the neighborhood of Fairfax, and 
this district will now be described. 

CARBON RIVER DISTRICT. 
By Wm. S. Ththo. 

The Carbon river district is located in the southeastern part 
of Pierce county, mostly to the westward and northwestward of 
Mount Rainier, many of the properties being even upon the 
lower slopes of that mountain. The district is reached from the 
town of Fairfax, the terminal of one of the Northern Pacific coal 
routes. This town, which is located to the west of the principal 
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properties, will be their natural shipping point when the mines 
begin to produce ore. Fairfax is forty-two miles from Tacoma 
by rail. At the present time probably the most important prop- 
erties in the district are those of the Washington Co-operative 
Mining Syndicate and of the Montezuma Mining Company. 
These two companies, in addition to their copper mining inter- 
ests, are at present developing upon a large scale some extensive 
coal deposits at Fairfax. The companies are operating in very 
close harmony and it is their intention to carry on their future 
mining operations in the district in conjunction. 

Surprise* — Probably the most important group of claims in 
this district is what is known as the Surprise group, located on 
the east slope of Bald mountain, on Shiplake creek, ten miles 
by trail northeast of Fairfax. The country, as might be expected 
in that locality, is extremely rough, the steep slopes of the 
mountain side giving good facilities for mining operations, it 
being possible to attain considerable depth without sinking 
shafts and to avoid the necessity of building expensive pumping 
plants. Both water power and timber are practically without 
limit. The Surprise group compnses thirteen claims, twelve of 
which lie on a magnetic east and west line, while the thirteenth 
claim, known as the Hog Back, located near the center of the 
group, lies in a north and south direction. All of the develop- 
ment work to date has been done upon the Surprise claim, the 
most southeasterly one of the group. Upon this claim three 
distinct ledges are found. The development aggregates 365 feet 
of tunneling and drifting, but to the present time only 40 feet of 
depth has been reached by the main tunnel or drift. The com- 
pany owning the property has recently acquired a right in a 
tunnel being driven by the Clipper mine at a vertical distance of 
300 feet below, from which tunnel it is proposed to run a cross- 
cut 360 feet to the main Surprise ledge. By the use of this 
tunnel a considerable depth of ore may thus be obtained and the 
work of mining considerably facilitated. The ledges on the 
Surprise claim carry both chalcopyrite and bornite and with 
these considerable hornblende is associated. The main ledge 
upon which all of the work has been done to date, averages be- 
tween four and five feet in width, with a distinct pay streak of 
22 inches ; its dip is seventy degrees to the southward and very 
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uniform. The vein occupies a true fissure in a country rock of 
syenite, the gangue matter closely resembling this country rock. 

Upon the Hog Back claim mentioned above as the only one 
of the group running north and south, three distinct ledges are 
found, with chief values in gold. The gold is associated, how- 
ever, with some small amounts of copper and iron, chiefly chal- 
copyrite. The elevation of the main tunnel, at what is called 
the headquarters camp, is 4,160 feet above sea level. 

During the summer of 1901 a considerable amount of devel- 
opment work was done upon this property, both underground 
and in surface improvements. It is the intention of the owners 
to begin very soon the operation of the property upon a large 
scale. A small air compressor has been installed at the mouth 
of the Clipper tunnel for use in driving the above-mentioned 
crosscut to the Surprise ledge, and it is understood that consid- 
erable work has already been done upon this crosscut. 

Clipper* — This property is located southeast of and immedi- 
ately adjoining the Surprise group. Comparatively little work 
has been done outside of the main tunnel that was mentioned 
above. Mr. T. H. Wilkins, address Fidelity building, Tacoma, 
is the chief owner of the property. 

Chicago* — The Chicago group of six claims, owned by the 
Montezuma Mining Company, is located about nine miles from 
Fairfax at a short distance from the main trail leading to the 
Surprise min^. This group is then about two miles east of the 
Surprise. The property has not up to the present time been 
developed, nothing beyond assessment work having been done. 
The ore is chalcopyrite, carrying some small amounts of gold 
and occurs in a fissure vein in diorite. 

East Lake* — The East Lake group of six claims, owned by 
the Washington Co-operative Mining Syndicate, is another prop- 
erty not as yet developed. This group is located about one-half 
of a mile due east of the Surprise, being between that property 
and the Chicago. A number of veins are found here, all with a 
general eastward strike. The ore is chalcopyrite, and the coun- 
try rock is syenite. 

Blue Star* — The Blue Star group, consisting of fourteen 
claims, is located on Cowcowan creek, a tributary of the Carbon 
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river, and is six and one-half miles by trail from Fairfax. There 
are nine known veins or ledges running through these claims, 
most of them strong and well defined and showing at the out- 
crops widths varying from eight inches to eight feet. Most of 
these ledges strike east and west ; but one well-defined vein is 
found running almost due north and south. The ore is chalco- 
pyrite of good appearance, with varying values in both gold and 
silver. The country rock is gneiss. Comparatively little devel- 
opment work has as yet been done upon this property. A tun- 
nel having a length of about 40 feet has recently been driven, 
and it is understood that the present owners propose immediate 
development work. 

TaccMiuu — This property is located upon the Mowich river, 
seventeen miles, by pack trail, southeast of Fairfax. Four claims 
are embraced in the property, owned by the Washington Co- 
operative Mining Syndicate. Adjoining these claims the Mon- 
tezuma Mining Company owns a group of five claims. The 
country is heavily timbered and is provided with an abundance 
of water power. The main ledge, upon which all development 
work to date has been done, averages 25 feet in width. It strikes 
northeast and southwest and dips eighty degrees to the southeast. 
The outcrop is exceedingly well defined upon the north side of 
the Mowich river, the mountain rising very abruptly from the 
creek bed, with practically no vegetation upon it. The ore is 
chalcopyrite, disseminated throughout the ledge, but as develop- 
ment has progressed a rich streak^ about three feet in thickness, 
consisting of chalcopyrite, intimately mixed with calcite, is found 
along the foot wall. The property was first opened by a drift, 
along the hanging wall, located about 175 feet above the bed of 
the creek. This drift has been driven for 200 feet along the 
vein, with five cross-cuts to the foot wail aggregating 100 feet in 
length. Late in the summer of 1901 the company installed a 
small air compressor and is now engaged in driving another drift 
about 125 feet below the first, working with machine drills. The 
air compressor is run by water power. The ore is stated to con- 
tain from five to thirty-three per cent, in copper, with $2 in gold 
and 23.50 in silver per ton, or in all having an average value of 
{60 per ton. This property is admirably located for mining work 
and may be expected to give a good account of itself in the near 
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future. No ore except for purposes of experimental treatment 
has as yet been shipped. 

It is the purpose of the Washington Co-operative Mining 
Syndicate to erect a smelter adjoining its coal property at Fair- 
fax. The company will then be practically self-contained and in 
a position to smelt its own ore as well as those of the other prop- 
erties of the district. If the calcite, occuring with the ores along: 
Mowich river, is found to continue in depth, it will be of great 
importance in forming a flux in smelting. 



LEWIS AND SKAMANIA COUNTIES. 



ST. HELENS DISTRICT. 

St. Helens mining district is located in part in Lewis county,, 
but the main portion of it lies in the northwest corner of Ska- 
mania county, north of Mount St. Helens. Spirit lake, which 
marks the southern boundary of the district, is a body of water 
five miles long by one or two miles wide, lying about six miles 
north of the summit of Mount St. Helens. The district is reached 
either by stage road from Castle Rock to Spirit lake by way of 
the middle fork of the Toutle river, sometimes known as Green 
river, or by wagon road and trail from Chehalis by way of the* 
Cowlitz and Cispus rivers. There is another trail up the north 
fork of Toutle river, which connects with the wagon road at 
Olson. The district is situated far back in the mountains, but 
by following the larger valleys no very heavy grades are encoun- 
tered. The topography of the district is very rugged, resembling 
in some respects a deeply dissected plateau. Spirit lake lies, 
at an elevation of 3,100 feet above sea level. Mount St. Helens 
lies immediately to the southward, while to the northward are a 
number of peaks, the highest one of which is 6,300 feet. 

The country to the north and east of Spirit lake is of syenite. 
A large number of porphyry dikes cut through the syenite, hav- 
ing a general strike of north 25 to 30 degrees west, and dipping 
westward 60 or 70 degrees. To the northwestward of the. 
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syenite belt the country rock is mostly quartzite, more or less 
broken up, traversed by a series of veins standing almost per- 
pendicular and whose general strike is northeast and southwest. 
The veins of the district are often of great width and carry sul- 
phide ores, mostly of copper and iron, with some lead. They 
are true fissure veins and are found along the contact between 
the porphyry dikes and the country rock. They can often be 
traced for considerable distances. 

The valleys are heavily timbered with fir, cedar, yellow pine, 
hemlock and larch. Higher up on the mountain sides the tim- 
ber gets smaller and more scarce as the timber line is ap- 
proached. Some of the finest timber in the state is found along 
the north fork of Toutle river. The small mountain streams 
furnish an abundance of water-power, which some of the mining 
companies are planning to utilize as soon as the machinery can 
be gotten in place. 

Discoveries of metalliferous deposits in the district were first 
made in 1891, and the district was organized on September 22, 
1892. It was first known as the Green river district, but owing 
to confusion arising between it and the Green river coal district 
of King county, the name was afterwards regularly changed to 
the St. Helens district. 

At the present time the greatest activity in the Spirit lake re- 
gion is in the mines on Paradise creek, formerly known as Lake 
Canyon creek. There are several groups of claims belonging 
to the Mining Corporation, Limited, of Portland, represented 
by Dr. Henry W. Coe. They are pushing development work 
on the Sweden, Bronze Monarch, Norway, Young America and 
other groups. Winter supplies were taken in during the sum- 
mer of 1 90 1 in order that work might be actively prosecuted 
during the following winter. 

Sweden* — The Sweden group embraces eight claims, located 
at the mouth of Paradise valley on the north shore of Spirit lake 
and six miles northwest of Mount St. Helens. Besides smaller 
veins there is the Paradise lode thirty-three feet in width, which 
has been traced a distance of three thousand feet. The veins 
strike north fifteen to thirty degrees west, and dip southwest 
about seventy-five degrees. A tunnel is being driven along the 
foot wall of the Paradise lode, and at latest reports had reached 
a depth of fifty feet. The ore which is being taken out of the 
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tunnel averages in gold I3.25, silver six ounces, copper nine per 
cent. There is now on the dump four hundred tons of ore, car- 
rying total values estimated at nine thousand dollars. The 
company is now installing machinery for a large water power 
plant which when completed will furnish power for drilling, 
hauling, lighting, etc. 

Bfonze Monarcli* — Adjoining the Sweden group on the north- 
west, and upon the same great lead, is the Bronze Monarch 
group upon which a tunnel is being driven, now three hundred 
feet in length. There are now about one thousand tons of sul- 
phide ores on the dump ready for treatment which the owners 
of the property think will average twenty-eight dollars per ton 
in gold, silver and copper. 

Norway* — One thousand feet farther up the mountain from 
the Bronze Monarch another tunnel is being driven on the same 
vein on the Norway group, consisting of nine claims. The 
tunnel is now in a distance of three hundred and fifty feet. The 
ore is of the same character as that found in the two lower tun- 
nels. The vein here is about twenty-five feet in width. There 
is about one thousand tons of ore on the dump valued at 
^28,000. 

Younsf America* — The Young America group consists of 
five claims adjoining the Norway and Bronze Monarch groups 
on the northeast. The vein which is now being worked shows 
in the bed of the creek a width of twelve feet, and can be traced 
by its outcrop for more than two thousand feet. A tunnel fifty 
feet long has been driven on the vein. 

The Mining Corporation, Limited, owns other claims along 
the lake front and in the immediate vicinity and this winter 
(190 1 -2) are building boats and barges on the lake for transpor- 
tation of the heavy machinery and ores during the summer of 
1902. 

Chicagfo and Yellow Metals.— About two and a half miles 
northeast of the lake are the Chicago and the Yellow Metals 
groups, also belonging to Dr. Coe and his associates. The prop- 
erty is reached from Spirit lake by way of the trail over Norway 
pass, having an elevation of seven hundred and fifty feet above 
the lake. There are about twenty claims in the two groups, 
which are located in a general way upon the extension of the 
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great Norway-Sweden-Denmark vein. This vein has been iden- 
tified upon the two Octavius claims at the southern end of the 
^roup near the bottom of the valley of North Toutle river. A 
tunnel two hundred feet long has been driven on the Chicago 
claim and a cross-cut started which will reach the vein at a depth 
of six hundred feet. The vein at this point is twenty-five feet 
wide and carries gold, copper and silver which have a maximum 
value of f 60 per ton. 

Samsoiu — The Samson group, sometimes known as the Earl 
group, consisting of twenty claims, lies four miles northeast of 
the Chicago and Yellow Metals group, at the base of Goat 
mountain on North Toutle river. About six hundred feet of 
tunnel has been driven on the property but only with indifferent 
success. It has now been taken under a working arrangement 
by the Mining Corporation, Limited, and this company is driv- 
ing a prospect tunnel to crosscut small veins which outcrop 
along Samson creek. At the base of the mountain below the 
tunnel there is a big ledge or deposit five hundred to a thousand 
feet wide, all mineralized, but of very low grade, averaging not 
more than three dollars in gold, silver and copper. 

Index* — Two and a half miles to the northwest of the Chicago 
lies the Index group, which has been owned for many years by 
the Olson Brothers, but who have recently given a two years' 
working bond upon the property to the Mining Corporation, 
Limited. This company is now contracting for half a mile of 
tunnel work upon this and their other properties for the spring 
of 1902. 

Polar Star* — The Polar Star mine, owned by the Cascadia 
Mining and Development Company, is located two and a half 
miles below the Samson group on the north fork of Toutle 
river near Black Falls. A crosscut tunnel has been driven a 
distance of eighty feet, revealing a mineralized ledge twelve feet 
wide carrying copper and iron sulphides, with from six inches 
to three feet of solid ore. Seventy-five feet from the mouth of 
the tunnel a drift has been run eighty-four feet and considerable 
ore taken out. A shaft has also been sunk to a depth of thirty- 
five feet. 

Juanita* — The Juanita property, owned by Messrs. U. M. 
Lauman, W. A. Reynolds, and David Stewart, is located about 
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half a mile from the source of the north fork of Toutle river. 
During the summer of 1901 a tunnel 50 feet long was driven. 
The vem is six and a half feet wide, and carries values averag- 
ing f 37 in gold and copper. The strike of the ledge is about 
north 10 degrees west. About f 500 has been spent in develop- 
ment work. 

Waabinfriotu — This property is situated near Norway pass. 
It has upon it a well defined fissure vein which makes a good 
surface showing. The vein strikes nearly north and south and 
dips about seventy-eight degrees to the westward. A tunnel 50 
feet long has been driven upon the ledge. 

Ripper and Chief* — The Ripper and Chief properties, be- 
longing to Messrs. McClure and Hostetter of Agate, Washing- 
ton, are located about four miles northeast of Spirit lake. Both 
claims are on the same lead, which is about four feet wide, and 
which carries gold and copper yielding maximum values of 
about sixty dollars per ton. The chief minerals are galena and 
chalcopyrite. About one thousand dollars has been spent in de- 
velopment work. 

7— n 
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REDUCTION PLANTS IN WASHINGTON. 



By Milnor Roberts. 



Washington produces a great variety of ores/ requiring many 
kinds of treatment to extract the values, thus necessitating re- 
duction plants of various types. Examples of nearly every stage 
of development in the industry may be seen in the state, from 
the pan, cradle, and sluice of the wandering prospector, to the 
great custom smelters, handling hundreds of tons of ore daily, 
with a minimum loss of the metals. 

The headings under which the reduction plants will be de- 
scribed are as follows: 
I. Smelting works. 

II. Chlorination and cyanidation plants. 

III. Stamp mills (amalgamation.) 

IV. Arrastras. 

V. Concentrators and combination plants. 

Although no attempt is made to enumerate all of the reduc- 
tion plants in the state, except the smelters, the following pages 
contain brief descriptions of some of the most important repre- 
sentatives of the classes mentioned above. 



L SMELTING WORKS- 



THE EVERETT SMELTER. 

[The Puget Sound Reduction Company.] 

Everett, **The City of Smokestacks," owes her title in no 
small measure to the smelting works of the Puget Sound Reduc- 
tion Company, which are situated on the outskirte of the city. 
Although at present no company operating in the Pacific North- 
west is fitted to undertake the work of treating crude ores to 
produce refined gold, silver, and copper, yet the Everett smelter 
turns out these three metals in a condition that requires only a 



The Metalliferous Resources of Washington. 99 

short final process — that of parting the dore bars and electro- 
lytic refining of the blister copper — to put all in shape for the 
market. In addition to this, the company has recently built 
and is operating the only arsenic plant in the United States. 

Ores. — The supply of ore is drawn from very wide sources — 
from Alaska, South America, and occasional shipments from the 
Orient, as well as from the states of Montana, Idaho, Oregon, 
California, Nevada, and British Columbia. This company holds 
contracts for the output of some of the most important produc- 
ing mines in the State of Washington; the Cedar Canyon group, 
the Forty-five, and the Monte Cristo. Other regular shippers 
are the Rambler, the Hercules, the Bunker Hill and Sullivan, 
and the North Star. The latter furnishes thirty car loads of ore 
a month, carrying about 50 per cent. lead. Occasionally a ship- 
ment of quite rich ore or concentrates is received, a recent ex- 
ample being several hundred tons of four-hundred-dollar ore 
from the Tonapah Mining Company, in Nevada. 

Sampling. — On arrival, the ore is distributed, the oxidized 
ores being sampled at the sampling works, while the roasting 
ores are crushed, sampled and handled at the sulphide mill. 

Owing to the wide difference in the character of ores treated, 
the system of hand sampling is still pursued. Sampling of car 
load lots is usually done by taking a tenth or a fifth of the whole. 
This sample is run through a Blake crusher and a set of rolls, 
and is then quartered repeatedly until reduced to 100 pounds. 
Such a weight can be conveniently crushed to pea size in rolls, 
and further reduced by quartering to three or four pounds, when 
it is dried, ground to 80 mesh by a small g3rratory crusher, and 
sent to the assay department. When a small lot of ore arrives, 
after it is crushed, every tenth shovelful goes to the rolls for 
sampling. 

Roasting. — All ores which contain sulphur in excess of six 
per cent, are roasted. Mechanical furnaces are used exclusively, 
two with double deck, one single deck, and all mechanically fed. 
To meet the requirements of an increasing business, five Bruck- 
ner roasting cylinders of the largest size are being installed at 
present. 

Blast Furnaces. — Two blast furnaces are of large size, hav- 
ing an area of 36" x 180" between tuyeres. No. i has 20 tuyeres. 
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with a cold blast under 20 to 30 ounces pressure per square inch. 
Furnace No. 3 has an area of 42" x 120". This is now used 
solely for the purpose of making 50 per cent, copper matte, but 
is about to be replaced by a furnace of the same size as the reg- 
ular ore furnaces. 

Products. — The base bullion from the blast furnaces in the 
form of bars weighing approximately 100 pounds each, is as- 
sayed for gold and silver and sent to the refining department. 
About 500 bars are charged at one time into a reverberatory: 
the impurities, — copper, arsenic, antimony, etc. — rise to the 
surface of the molten lead, and are skimmed off from time to 
time with perforated ladles. These skimmings are returned to 
the blast furnace. The remainder is run into a circular zincing 
kettle 7 feet in diameter and 3)^ feet deep, capable of hold- 
ing 20 tons. A fireplace underneath, with blast connections, 
serves to keep the temperature of the lead bath just above the 
melting point of zinc. A weight of zinc equal to three times the 
amount of silver and gold present in the lead, is now added in 
the form of broad flat bars, easily melted. Instead of the cus- 
tomary three zincings, here the zinc is added in only two lots, 
and is mechanically stirred each time by a steam-driven pro- 
peller screw with four blades, revolving about 200 times per 
minute. The kettle is allowed to cool down to a temper- 
ature just above the melting point of lead, the gold and silver 
contents alloy with the zinc, which being lighter, gradually rises 
to the surface of the lead bath and is skimmed off. The process 
is finished when cupellation of small samples of the lead shows 
that the proportion of silver remaining is less than .24 of an 
ounce per ton. 

The skimmings of zinc containing the gold, silver and a little 
lead, are charged into graphite retorts, along with powdered 
coke as a reducing agent. Crude oil is being burned under 
these retorts at the present time. The zinc is oxidized, passes 
over into a condenser and is there reduced to metallic zinc; 
this is tapped out from time to time, run into moulds, and sent 
back to the zincing kettle. Five or six hours time is required 
for retorting, and the loss of zinc in the whole process is less 
than 25 per cent. The resulting rich alloy of gold, silver and 
lead goes to a small concentrating reverberatory, one bar at a 
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time. As it melts, air is admitted 'to -oxidize the lead to lith- 
arge, while the precious metals settle 'ift'tXe. bowl of the furnace. 
The alloy is dipped out and run into ba'rs o!'35 pounds weight, 
containing a very small amount of lead. 'A-'tilting furnace is 
used for the last melting, during which the im^arijries rise to the 
surface and are drawn oQ, The balance is shipped. -in the form 
of dore bars to the Seattle Smelting and Refining CoiAp^xcyL The 
dore bars are .990 to .995 fine in gold and silver; by thcr-p^^^ess 
of parting, they are separated into fine gold, for deposit ^.%tj^ ^ 
United States assay office at Seattle, and fine silver, vfhich^\igj- 
shipped by this company to the Orient direct. 

The lead from which the values have been extracted by means 
of zinc, is run into a lower kettle (similar to the first), where it 
is again heated; after steam has been passed through it, slow 
cooling follows. A scum forms on the surface, which is removed, 
and the soft lead is run into 200-pound pigs, commercially pure. 
That portion made from imported lead ores is re-exported to the 
Orient, especially to the markets of Japan and China. 

Copper matte, from the blast furnaces, is handled by the 
English reverberatory process, and the product, blister copper, 
is shipped to electrolytical refineries for segregation. After the 
elimination of the gold and silver contents, along with other im- 
purities, the refined article is known as electrolytic copper. 

The production of commercial arsenic was begun in the year 
1901 and is now a regular branch of the company's operations. 
Several hundred tons have been produced at the rate of about 
five tons per day. Volatilized arsenic, together with antimony, 
sulphur, etc., from the roasting of Monte Cristo ore, is con- 
densed in a series of chambers, then charged with one-fourth its 
weight of very pure coke into a refining reverberatory. The re- 
fined materia], which is commercially pure, is sold and known 
as "Standard" arsenic, the only brand produced in the United 
States. Besides its use in the drug trade, a small amount of 
arsenic finds its way into many common products, notably paris 
green, glass, dyes, tanning mixtures, wall paper, paints and 
metallic alloys. In the year 1900 the United States imported 
5,765,559 pounds of this article, mostly from England and Ger- 
many, but since then the demand has fallen ofi considerably. 
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THE TACOMA SMELTER. 

*« • • • 

[TliQi l^iooma Smelting Ck>mpany.] 
••• 

The plant of ^the.Tacoma Smelting Company is situated on 

the water froiH cu'-Tacoma, about three miles west of the main 

shipping wharves. A length of nearly half a mile of shore land 

has been *^urchased by the company, and in the immediate 

neieb^&rhdod of the smelter an area of seven or eight acres of 

soli^'g^found has been built up in the bay with slag. By means 

.V oft this newly made land extending out into deep water, ocean 

. X *; Vessels may now land at the company's short piers and discharge 

**- cargoes of ore within a hundred yards of the furnace doors. A 

railway track extends from the city along the bay shore through 

the smelter yards, with switches and bunker-tracks arranged to 

deliver ore directly into bins or roasters, as may be required. 

Passenger traffic with Tacoma is carried by the Point Defiance 

electric line, which runs near the settlement made up of the 

three hundred employes and their families. 

No smelter on our western tide-water need lack material; 
Mexico, Central America, Peru, Chile, British Columbia, Alaska, 
and even Japan, all contribute their wealth of mineral, while the 
nearer districts. Eastern Oregon, various parts of Washington, 
the Coeur d'Alenes and Montana, assist the smelters by supply- 
ing variety in the ores, the prime factor in furnace operations. 
The Bunker Hill and Sullivan mine, in the Coeur d'Alene dis- 
trict, is daily supplying to this smelter an average of 75 tons of 
lead-silver concentrates, and the famous Alaska-Treadwell mine, 
on Douglas island, furnishes the same amount of gold concen- 
trates. From all other sources combined, about 250 tons are 
received daily, placing the total day's work of the present plant 
at 400 tons. By the ist of May, 1902, a large new copper blast 
furnace will be ready for operation, increasing the smelting ca- 
pacity by one-half. 

Sulphurets are roasted in three double-deck mechanical 
roasting furnaces, 12 feet wide by 140 feet long, capacity 70 tons 
in 24 hours. The pattern of these roasters is a very effective 
local modification of the Brown patent continuous slot and rail 
system. Instead of the usual fragile tile hanging from the roof- 
arch, an iron hood (cast in one-piece sections 4 feet long), con- 
taining the rail-block and leaving a continuous slot, prevents 
the heat of the roasting sulphides from injuring the chain and 
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wheels which convey the rabble-arms. One man on a shift is 
the whole force required to feed the ore into the upper deck of 
the roasters at the west end, below the ore-bins and freight cars. 
When the rabbles have carried the ore to the east end, it drops 
down to the lower deck and is carried back to the west end, 
having lost all but 3 per cent, of its sulphur during the 10 or 12 
hours required in passage. The Treadwell concentrates need 
very little fuel to assist in the roasting, so that only the three 
upper fireplaces along the side are used to start the furnace, the 
four lower ones remaining cold. 

The roasted ores, or concentrates, fall into a horizontal 
trough, through which runs an endless chain with conveying 
paddles attached. From this trough the material drops into a 
similar one at right angles, in which it is carried up a steep slope 
into a bin, and is then mixed by mechanical churning with two 
per cent, by weight of Roche Harbor lime. The moist, warm 
mixture is fed to a White Mineral Press (made by Chisholm, 
Boyd & White, Chicago), from which it emerges on a conveyor 
belt, in the form of circular briquettes, four inches in diameter 
and two inches high. The briquettes fall from the belt into cars 
with network sides; these cars are run into a flue filled with hot 
gases from the roasters. Four hours in such an atmosphere 
bakes the briquettes into cakes sufficiently hard to withstand 
being charged into blast furnaces without pulverizing. 

By the first hand-labor employed since the ore has left the 
receiving bins, it is now weighed, wheeled to the charging floor, 
and mixed with other suitable ores, coke, lime-rock, matte and 
slag. ' There are four water-jacketed blast furnaces as follows: 
One small copper furnace 33"x84", which handles nearly 100 
tons a day, one lead furnace of the same size, and two other lead 
furnaces, 36" x 120", and 36" x 160", these latter treating 130 to 
140 tons per day. A cold blast is used under 1.5 to 2 pounds 
pressure; the tuyeres have an automatic shut-off, to prevent the 
back-flow of furnace gases when the blast fails — a successful 
scheme patented by George Klink, one of the local furnacemen. 
The draft from each furnace is carried down to underground 
flues connecting with two large stacks, 115 feet high. A copper 
furnace built on the latest plans by the AUis-Chalmers Company, 
Chicago, is being erected at the western end of the plant, on the 
water's edge. Its capacity will be 200 tons, its size 42" x 160", 
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with steel jacket extending up to the charging door, and blast 
heated by stove to 800^. This furnace has its own stack, 150 
feet in height. 

The products at present are: 

1. Lead bullion, which is shipped to the Selby Smelting and 
Lead Works, San Francisco. 

2. Copper matte, containing about 60 per cent, copper; this 
is now being sent to the American Metal Company, New York, 
but with the new copper furnace, converters will be set up to 
make blister copper. 

3. Matte from the lead furnaces, composition very variable, 
averaging about 2 to 4 per cent, copper, 10 to 15 per cent, lead 
and several ounces silver. This is crushed by rolls, roasted in 
two reverberatories (size 18 x 72 feet), and again fed to the blast. 

4. Slag, of which the shells from the slag pots are re-smelted, 
and the remainder is used only to build ground on the water- 
front. 

In the crushing and sampling department, numerous ore bins 
and sampling floors are provided. Two sets of crushing rolls, 
two Blake crushers, jaw-opening 7 by 9 inches and 7 by 11 
inches, besides various appliances for hand sampling, crush the 
crude ore and matte, and reduce to a minimum the labor of pre- 
paring samples for assay. Mr. Peter Daly has charge of the 
assay department, where wet and fire assaying, and electrolytic 
analyses are conducted. 

The Snoqualmie Falls Power Company supplies a current of 
22,000 volts, which is transformed at the smelter to 440 volts, 
and is developed to an aggregate of 460 h. p. by four motors. 
A fifth motor of 75 h. p. will come into use hereafter to run the 
blast blower for the new copper furnace. The company's large 
steam plant has been kept intact as a precautionary measure. 
At present, however, steam is kept up in only one boiler, for 
use when the electric current fails. So many repairs are con- 
stantly needed about a smelter that it is almost a necessity to 
have a foundry at hand, as is shown by the amount of work 
done by the small cupola set up here. Over 350 patterns have 
been turned out by the local pattern-maker. The machine shop 
is fitted with a lathe, drill-press, planer, bolt-cutter, shaper, etc. 

Under the careful and progressive superintendence of Mr. 
F. W. Clark, experiments are constantly being tried in quick 
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methods of handling the ores and slag, and in improving the 
furnace practice. Apparently, it is the aim of the management 
to maintain an establishment that shall be independent, so far 
as possible, of outside labor and sources of supply. Whenever 
practicable, the company prepares material of all sorts on its 
own ground, thereby avoiding delay in transportation and the 
losses due to market dealings. 

THE NORTHPORT SMELTER* 

[Northport Smeltinff and Refining Comi»any, Limited.] 
Bt William S. Thtno. 

The Northport smelter, employing between 400 and 450 men, 
is operated in close conjunction with the mines of the British- 
America Corporation, at Rossland, British Columbia. In fact 
the Northport plant is now run exclusively upon the ore from 
the Le Roi and the Le Roi No. 2 mines, in Rossland. This ore 
is brought from mines to smelter, 17 miles, over the Red Moun 
tain branch of the Spokane Falls & Northern Railway. 

The smelter is located upon the east bank of the Columbia 
river, just above the town of Northport, in the northern part of 
Stevens county. The plant, under the management of Mr. 
Oscar Szontagh, has recently undergone a number of radical 
changes. It has been found that the ore may be smelted and a 
matte of the required grade for shipment produced without 
roasting, or calcining, the matte resulting from the first fusion, a 
practice pursued by the former management, and one which had 
been in vogue, in fact, since the smelter was built. When Mr. 
Szontagh was appointed general manager, in November, 1901, 
a new double-decked, straight line calcining furnace had just 
been completed, to be used in addition to the two single- decked 
calciners formerly employed. This new furnace, however, has 
not been used, and it seems probable that it will not be neces- 
sary, at least as long as Rossland ores alone are treated at the 
plant. These three calcining furnaces therefore lie idle at the 
present time. 

Another important change over former practise was made 
during the spring and summer of 1901, when the double battery 
of stalls, in which a considerable portion of the ore was roasted, 
was torn out, with the intention of extending the roast yard and 
using longer heaps, in which form all the ore is now roasted. 
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The area which was covered by the stalls has not yet been util- 
ized, however, it having been found that the original roast yard 
gives ample capacity for the present output of the plant. 

All Le Roi ore is broken and sampled before leaving the 
mine at Rossland, and comes down ready for roasting. The ore 
from the Le Roi No. 2, however, is sampled at the smelter. As 
was before stated, all roasting is now done in heaps, the heaps 
mea^ring 350 feet long, 82 feet wide at the bottom, and 18 feet 
high. The raw ore, when piled, averages from 8 to 9 per cent, 
in sulphur, which percentage is brought down to between 3 and 
4 in the roasting. In the operation, each ton of ore is tied up 
for from 36 to 40 days; this makes allowance for time used in 
piling and tearing down, the latter being generally begun before 
roasting is completed in the center of the heap. A total of about 
.02 cord of wood per ton of ore is used. 

The company at present operates five blast furnaces, with a 
total daily capacity for 1,100 tons of ore; three of these furnaces 
measure 38 inches by 120 inches, and the other two, 42 inches 
by 160 inches, at the tuyeres. A sixth furnace, to have a daily 
capacity of 280 tons, is now on the ground, and is to be erected 
shortly; this last, unlike those already in operation, will be a 
boshed furnace. 

It is aimed to produce a matte of the required grade for ship- 
ment, in two fusions, but three are sometimes found necessary. 
The ore treated averages about 2 per cent, in copper and 24 per 
cent, in iron. Matte from the first fusion contains generally 
from 25 to 30 per cent, copper and from 8 to 10 ounces of gold; 
the sulphur contents running about 25 per cent. All matte is 
shipped east for refining, the requirements in this shipping matte 
being: Copper, 40 per cent., or over; gold, 15 oz., or over; this 
grade matte also runs about 25 per cent, in sulphur. The amount 
of silver in the Le Roi ores, and consequently the amount in the 
final matte produced, varies rather widely, but probably from 26 
to 30 oz. will represent a fair average in the matte. 

All matte from the first fusion is cooled in spilling plates, to 
facilitate rapid cooling and its subsequent breaking up for charg- 
ing into the furnace for second fusion; these spilling plates, 
which have been introduced here by Mr. Szontagh, are of cast 
iron, and measure 24 inches by 48 inches, by 2 inches m depth. 
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each plate thus having the same capacity as an ordinary matte 
pot. 

The dust chamber, which is 428 feet long, with a cross-section 
area of no square feet, is designed for easy and rapid discharge 
through side gates. With the plant running at its full daily ca- 
pacity of 1,100 tons, about 15 tons of flue dust are caught and 
removed each day. This flue dust is briquetted immediately, 
using lime as a binding material, and is again put through the 
blast furnace. The stack at the end of the dust chamber is 182 
feet high and 10 feet in square section. 

All limestone used for flux is obtained from a quarry owned 
by the company, and located about four miles south of North- 
port, on the line of the Spokane Falls & Northern Railway. 
This limestone is unusually pure and free from silica. The coke 
used in the blast furnaces is obtained partly from the western 
part of Washington, and partly from the eastern states. 

No figures have been given by the management as to the 
amount of matte shipped daily, or monthly, but assuming the 
average copper contents of the ore treated, as 1.8 per cent., and 
knowing the total daily capacity of the furnaces for ore to be 
1,100 tons, we have: 1 1 00 x. 01 8 = 19. 80 tons copper treated per 
day; 19.80 tons of copper contained in a 45 per cent, matte, 
which may be taken as about the average grade, are equivalent 
to about 44 tons of matte, which is perhaps not far from the 
daily output. These figures are, of course, very general, and 
may be taken only as representing an estimate. 

A resum.e of the different processes employed in the transition 
from ore to shipping matte, follows in graphical form: 
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IL CHLORINATION AND CYANIDATION PLANTS. 



THE REPUBUC MILL. 
[The Bepubllo Reduction CompaDy.] 

At the mouth of tunnel No. 4 of the Republic mine, is situ- 
ated the sampling mill of the Republic Reduction Company, 
which handles custom ores for the district in general, as well as> 
the ore from the Republic mine. The reduction plant is located 
higher up the hill-slope, on account of lack of suitable space 
below. It is therefore necessary to hoist all the ore after crush- 
ing and sampling, and this is done by means of a self-dumping 
skip running on an inclined surface tramway 400 feet long, oper- 
ated by a small friction hoist located at the foot of the tramway 
in the sampling mill. One of the main advantages in having the 
crushing and sampling performed in a building built for that 
purpose only, is the avoidance of placing heavy machinery in the 
roasting and cyanide plant, and the absence of dust there. 

Receiving bins with a capacity of 500 tons occupy the top- 
level of the sampling mill. From these bins the ore goes direct 
to a No. 5 Gates crusher and is carried by elevator No. i to a 
revolving trommel. The screened material goes to a set of roUs^ 
15 by 36 inches, high grade Gates, and the ore that fails to pass 
through the trommel is returned to another Gates crusher, style 
H, from which it falls again into elevator No. i. Ore that has 
passed the rolls is ready for the Brunton automatic sampler. 
The main portion goes to one of the storage bins for sampled 
ore on the lowest level of the mill, while the sample portion goes, 
by way of an elevator to small crushing rolls, and from thence 
to two more sampling machines, the final resulting sample being 
about one per cent, of the original weight. This small sample 
is treated by hand in the sampling room and reduced by quarter- 
ing and small crushing machinery to a size and fineness suitable 
for assaying. 

A tramway running under the lower storage bins serves to 
carry the sampled ore to the inclined skipway mentioned above. 
The skips dump their load automatically into the 500-ton storage 
bins on the top floor of the reduction mill. The latter is built 
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on seven different levels, vertical range 65 feet, and horizontal 
area 280 by 315 feet. Two revolving dryers, 5 by 26 feet, oc- 
cupy the second level, while the main engine room and boiler 
house is situated on the north side of this section. Six return 
tubular boilers, 60 inches by 16 feet, with a combined capacity 
of 500 h. p., furnish steam for a 180 h. p. Lane and Bodley Cor- 
liss engine for driving the fine crushing machinery and dryers, 
an air compressor and a 40 h. p. engine and generator for elec- 
tric lighting. An engine of 80 h. p. in the sampling department 
and three others elsewhere about the works complete the power 
plant. 

On the fourth level stand the fine crushers, two sets of 15 by 
36-inch rolls, two sets of 15 by 26-inch rolls, three 8-foot ball 
mills, and the usual number of elevators, screens, etc. The fine 
ore goes to the ore bins and roasters on the fifth level. Three 
straight-line roasting furnaces, hearths 12 feet by 100, capacity 
75 tons apiece daily, prepare the ore for the 16 leaching tanks 
on the sixth level. 

The roasted ore is stored in bins with 300 tons capacity, and 
is drawn from them into cars running above the leaching tanks. 
Each tank is 63^ feet deep, 22 feet square, and has a capacity of 
no tons of ore. Three tanks, in which the fresh solution is 
mixed and standardized, are located above the leaching tanks. 

On the next level are the precipitating tanks where the values 
are recovered from the solutions. Two tanks 10 feet in diam- 
eter and 14 feet deep hold the gold solutions, the two precipita- 
ting tanks are 12 feet wide by 8 feet deep, and the filter presses 
are four in number with 36 sections apiece. The solutions that 
have been used run into a 24-foot sump tank 5 feet deep. Three 
steam pumps handle the solutions. 

The refining of the precipitates is performed on the lowest 
level of the mill. Steel tanks, filters, and furnaces are pro- 
vided for getting rid of the bases and producing bars of the pre- 
cious metals. From the solution tanks, the tailings are Hushed 
or shoveled out through gates in the bottom of the tanks. 

The values are precipitated by means of zinc dust (brought 
from the flues of European zinc works). The solution is first 
agitated by introducing a current of compressed air, and on the 
addition of the zinc, precipitation takes place almost immedi- 
ately. The excess of zinc and impurities is dissolved out by 



The Metalliferous Resources of Washington. Ill 

sulphuric acid. The precipitate is passed through filter presses 
and the caked mass dried and fused in the ordinary way, the re- 
sulting gold averaging .900 fine. 

The original capacity of the plant was 200 tons per day, but 
it was arranged so that it could be enlarged indefinitely without 
interfering with the steady working. After the completion of 
the plant six Griffin mills were installed. The buildings (which 
are of wood, whitewashed inside and painted outside, with roofs 
of corrugated iron), include an assay office, laboratory, store- 
rooms, blacksmith and machine shops. A large brick flue 435 
feet long leads up to a steel stack 112 feet high near the top level 
of the mill. The wood used for fuel in the furnaces is brought 
in by a five mile flume. The main sources of ore supply have 
been the Ben Hur, Lone Pine-Surprise, San Poil and Blacktail 
mines, besides tailings from the old Pelatan-Clerici mill of the 
district. 

THE MOUNTAIN UON MILL. 

[The Mountain Lion Qold Mining Company.] 

Automatic handling of the ore is one of the leading features 
of the Mountain Lion Mill at Republic. A self-dumping skip, 
operated by electricity, hoists the ore in the main shaft of the 
mine. Ore that fails to pass the grizzlies drops into a Blake 
crusher with a jaw 9 by 15 inches, then into a bin of 200 tons 
capacity. An automatic tramway 400 feet long carries the ore 
from the mine to the mill, where it is received in a bin of 500 
tons capacity. 

The batteries consist of 20 stamps of 1,200 pounds weight, 
which drop 8^ inches at the rate of 100 per minute ; their rate 
of crushing is 100 tons per day to pass a 40 mesh screen. The 
coarse pulp, after running over amalgamated copper plates, is 
fed into 5-foot Huntington mills, one mill receiving the pulp 
from a battery of 5 stamps. When crushed to 80 mesh, it 
passes into steel leaching tanks, five in number, where it is 
agitated by propeller blades and leached for seven hours with 
cyanide solution, strength .5 per cent. The leached pulp passes 
from the leaching tanks into eight filtering tanks, each 6 feet 
deep and 24 feet in diameter. Further treatment is eflected 
here by a solution of half the original strength, or .25 per cent., 
varying with the character of the ore, and requiring 24 hours 
time. In order to save cyanide solution, after the rich solution 
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has been drawn off from the filter tanks, the tailings are leached 
again ; this solution is run into two sump tanks, and then back 
to two storage tanks where it is standardized again. Precipita- 
tion by means of zinc shavings takes place in two zinc boxes 
with sixteen compartments each. 

The power plant consists of three Eraser and Chalmers boil- 
ers of loo h. p., a Bates-Corliss and an Ide engine, 125 h. p. 
each, a 3-phase generator, 125 h. p., built by the General Elec- 
tric Company, and two motors of 20 and 75 h. p. The sur- 
rounding region furnishes wood in abundance, and the water 
supply is drawn from Mud Lake, 2,000 feet south of the mill. 
Both mine and mill are lighted by electricity, which is also the 
power used for pumping, hoisting and milling. 



nL STAMP MILLS (AMALGAMATION). 



THE BLEWETT MILL. 

[Chelan Mining Company.] 

Blewett, in the center of the Peshastin mining district of 
Chelan county, is reached by wagon road from Leavenworth on 
the Great Northern Railway, 16 miles, or from Clealum on the 
Northern Pacific Railway, 32 miles distant. The Chelan Min- 
ing Company, of Seattle, now owns the stamp mill located at the 
mouth of Culver canyon, commonly known as the Blewett Mill, 
formerly owned by the Culver Company, and later by the Blew- 
ett Gold Mining Company. The ores treated are from the com- 
pany's mines, as well as custom ores from the district at large. 

The batteries consist of four sets of five stamps each, with 
Fraser and Chalmers automatic feeders, and double discharge, 
only single being used. 950 pound stamps, with chrome steel 
shoes and dies, drop 6)4 inches at the rate of 90 per minute. 
The pulp is screened through diagonal slot screens, equivalent 
to 50 mesh, and falls on copper plates four feet wide and ten 
feet long, sloping i}4 inches per foot. The lower plates are 
silvered, 14 feet long, 4 feet wide, and falling two inches per 
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foot. Four Union tables receive the pulp, after which the 
slimes pass over canvas tables with a three inch fall. The can- 
vas is swept four times in twenty-four hours, and the fines are 
saved in settling boxes. Under former management, the tail- 
ings carried values of several dollars, which ran into the creek. 
Outside parties becoming aware of this built a small cyanide 
plant with two tanks, having a capacity of about lo tons per 
day, and thereby recovered a considerable amount of fine gold. 
The plant is no longer in use. 

Wood is burned under two boilers (4 by 12 feet, used alter- 
nately), which furnish steam for a Corliss engine of 50 h. p. 
A flume 500 feet long brings water from the creek to a tank set 
20 feet above the level of the stamp battery. A Hallidie aerial 
tramway with buckets holding 250 pounds each, carries the ore 
from the mine 4,000 feet distant and dumps it into two receiving 
bins of 400 tons capacity. The usual system prevails in regard 
to the different floors of the mill, the order here being, crusher, 
feeding bin, battery, and concentrating floors. Mention should 
also be made of the assay office and sampling room. 

EUREKA MILL. 

[Eureka Mining Ck>mpany.] 

The Eureka Mill is located just below the mine of the same 
name, in the Slate creek district, on the west side of the Cas- 
cade range, about 15 miles south of the international boundary. 

The ore is brought from the mine by a tramway worked by 
gravity, and is crushed to 40 mesh by 10 stamps dropping 7 in- 
ches 104 times per minute. The free gold is saved on amalgam- 
ated copper plates, while the sulphides, with small amounts of 
sylvanite, are concentrated on two Wilfley tables. The slimes 
are treated on canvas blanket tables. 

MAMMOTH MILL. 

[Mammoth Qold Mining Company.] 

This five-Stamp mill, located at Barron, receives ore from the 
mine by an aerial tramway. A partial saving of values has been 
effected by amalgamation and concentration, but other machin- 
ery better suited to the ore will be required. 

8 — II 
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STAMP MILLS IN THE PAIJMER MOUNTAIN DISTRICT. 

Black Bear Mill, five stamps with concentrator, run by water- 
power. Located at Loomis, to treat ore from the Black Bear 
mine, two miles distant on Palmer mountain. 

Ivanhoe Mill, at mine on Palmer mountain. A ten-ton mill 
with Dodge pulverizer, amalgamating plates, concentrator and 
slime tables. 

At Triune mine, near Golden, a ten-stamp mill with four 
Frue vanners, operated by steam power. 

On Wannicutt lake, a ten-stamp mill which treats ore from 
the Spokane mine, one mile distant. 

MT. BAKER MILL. 

[Mount Baker Mining Company.] 

A ten-Stamp mill is being completed this spring, 1902, to treat 
ore from the Lone Jack ledge. As the mine is at an elevation of 
6,000 feet, an aerial tramway will probably be found the cheap- 
est method of hauling to the mill, 4000 feet lower. It is ex- 
pected that amalgamation will give a high percentage of the 
assay value of the ore, but there are tellurides present, which 
will be saved on concentrating tables. 

GREAT EXCELSIOR MILL. 

[The Great Excelsior Mining Company.] 

The present equipment comprises a five-stamp battery and a 
Parker rotary four-stamp mill; 50 additional stamps have been 
ordered, along with New Standard concentrating tables. 



IV- ARRASTRAS- 



Throughout Washington and especially in the Cascade range, 
in regions remote from the railway, the traveler frequently finds 
arrastras, sometimes in operation, more often idle, and many of 
them out of repair. Without doubt two reasons for the popu- 
larity of the arrastra, particularly for use in prospecting this 
region, are the abundance of suitable rock which can easily be 
trimmed into shape for lining the pit and making drags that 
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wear well, and the presence of numerous streams which furnish 
convenient water power. With increase of depth in the mines 
and lack of free-milling ores, the arrastras are abandoned. 

SWAUK CREEK DISTRICT. 

Several arrastras are found on Swauk creek near Liberty. 
Water power is used exclusively. In one case a large overshot 
wheel runs two arrastras and a two-stamp mill. Usually hori- 
zontal wheels are used, geared to a revolving center post with 
arms which drag four grinding blocks, the ore being fed in egg- 
size. 

PESHASTIN DISTRICT. 

On Peshastin creek, near Blewett, three arrastras have been 
in recent use, and the remains of several old ones indicate that 
prospects in the district have been tested by this method for 
many years. Whether other forms of treatment would yield 
greater values from the same ores is still an open question. 

The present arrastras are from three to twelve feet in diame- 
ter and about three feet deep, built of the most suitable pieces 
of stone to be found at hand. The favorite source of power is 
a horizontal water-wheel, run by the force of impact of a stream 
of water shooting out several feet from the end of a flume. The 
wheels are from sixteen to twenty-four feet in diameter, and 
sometimes attain a speed of eighteen revolutions per minute. 
The drag-blocks consist of granite boulders (weighing half a 
ton or more when new), which are fastened to the revolving 
arms of the mill by means of chains. From one to three thou- 
sand pounds per day is the crushing capacity. 

SLATE CREEK DISTRICT. 

The form of the arrastras on Slate creek does not differ 
greatly from that used elsewhere. Many of them have been 
running intermittently from the earliest days of the district. 
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IV- CONCENTRATORS AND COMBINATION PLANTS. 



THE VAUC30NDA MILL. 

[Wanoonda Gtold Mining Company.] 

By a. J. Edwards. 

Prominent among the mills emplo3ang combination processes 
is that of the Wauconda Gold Mining Company, whose main 
property is situated at the town of Wauconda, Okanogan county. 
A sixty-ton mill, to treat the Wauconda ores by the Rossman 
process of pan amalgamation, was erected during the fall of 
1901, under the superintendence of officers of the Rossman Com- 
pany, of Minneapolis. The mode of treatment consists of coarse 
crushing by stamps, further reduction in a pulverizer, coarse 
concentration, and pan amalgamation of concentrates. 

The ore is crushed by a Gates gyratory crusher in the samp- 
ling mill at the timnel mouth, and is conveyed by tramway to 
the ore bins at the mill, 800 feet distant. The main mill build- 
ing is 50 feet in width by 70 feet in length, built in six benches. 
On the top bench is the engine and boiler plant (capable of fur- 
nishing 70 h. p.), and also the dynamo for lighting the company's 
buildings and the mine. The next bench contains the batteries — 
a five-stamp battery of latest design from the AUis-Chalmers 
Company, and a two-stamp battery, both automatically fed by 
Challenge feeders. The third and fourth benches contain the 
two revolving pulverizers, two concentrators, and ten amalgam- 
ation pans, all of the Rossman type. Three Rossman settlers 
and the tailings sluices occupy the two lower benches. Advant- 
age is taken of a convenient hill slope to permit of using gravity 
to a great extent, and unlimited ground is left for tailings. 

The ore passes through batteries and the pulverizers, and 
from thence into the concentrating pans. These, like much of 
the other machinery, are of the Rossman design and introduce 
new features for the work. It is sufficient to say of them that 
while the pulp is held suspended in water in the pans, the lighter 
portion, including the worthless gangue, is allowed to flow away 
and the heavier portions are retained. This method does not ap- 
pear to allow of an extremely close concentration, the Wauconda 
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ores being concentrated only from six or eight t% one, but it is an 
exceedingly simple and inexpensive operation. The percentage 
of values remaining in the tailings is low, and the process accom- 
plishes very effectually the object of reducing the quantity of 
pulp which the pan must treat, and consequently increases the 
capacity of the mill to a considerable extent. 

After this operation the concentrated pulp is elevated by a 
Frenier pump to hoppers, where the excess water is removed 
and returned for use again in the batteries, while the thickened 
pulp is charged from the hoppers with the chemicals and mer- 
cury into the amalgamating pans. The object of the chemicals 
is to assist in freeing the gold from any substance rendering it 
refractory, so that it will readily amalgamate. The Rossman 
pans differ from other pans in various particulars of form, and 
these differences effect a radical increase of efficiency. The pans 
are somewhat smaller than usual and are charged with from 250 
to 350 pounds of pulp at once. The time employed is only 
about 30 minutes for a charge, so that the ability to thoroughly 
amalgamate in such a short time more than compensates for the 
small charge. When amalgamation in the pans is complete, the 
pulp passes to the settlers, where the mercury amalgam is sepa- 
rated and the tailings sent to the dump. The mercury is retorted 
as usual. Every effort has been made in designing the mill to 
make the operating as nearly automatic as possible, so that the 
labor required will be reduced to a minimum. 

The sampling mill at the tunnel mouth contains a machine 
shop which is fitted with a large iron lathe, power drill, emery 
wheels, wood saws and blacksmith forge. A Root blower, for 
ventilating the mine, and a Gates ore crusher are also in this 
building. The sampling mill portion is fitted with a complete 
set of Rossman machines, including rolls, pulverizer, amalgam- 
ating pans and settler. These are similar in design to those in 
the big mill but of reduced size, the diameter of the pans being 
24 inches, while the regular pans are 36 inches. Charges of 50 
to 70 pounds of ore can be treated in these pans, making it pos- 
sible to carry out complete tests of the ore, both as to values 
and methods of treating, as the work progresses. 

Since the sampling mill was opened, in October 1901, a num- 
ber of large samples of Wauconda ore have been worked, usually 
50 pounds at a time. During the early part of December, the 



118 Annual Report Washington Geological Survey. 

work on the big mill was so far advanced that a good sized pre- 
liminary run was made. It is expected that the mill will be in 
continuous operation by the beginning of spring. The work 
which the two mills have already done makes it possible, how- 
ever, to speak with considerable certainty as to the adaptability 
of the method selected for treating the Wauconda ore and its 
success in so doing. The numerous 50 pound samples worked 
in the sampling mill gave values of from |io to $iS per ton and 
the values remaining in the tailings ranged from only fifty cents 
to 1 1 per ton, indicating a very uniform saving of about 95 per 
cent. The tailings of the preliminary run in the big mill indi- 
cated a similar large per cent, of recovery. The average value 
of the ore as shown by all these samples taken from the different 
drifts in the mine and from general averages of the dump was 
about 1 1 2. The results from treating the concentrates m the 
amalgamating pans were equally satisfactory, showing that a 
most efficient system has been chosen. 

The low cost of treatment by this method, about |i in ex- 
cess of cost of free milling under similar conditions, is another 
important consideration. Much fuller information will of course 
be available as to the efficiency with which the Wauconda ore 
can be treated after the mill has been in operation for a month 
or so. 

GOLDEN ZONE CONCENTRATOR. 

[ Golden Zone Mining Company.] 

The concentrating and amalgamating plant of the Golden 
Zone Mining Company is situated in the Palmer Mountain dis- 
trict, sixteen miles north of Loomis, and three miles south of 
the British Columbia line. 

Ore is brought from the mine by a wire ropeway of 1,100 feet 
single span, and an incline 600 feet long. Power is furnished 
by a 50 h. p. engine and boiler. The ore is crushed in two sets 
of Cornish rolls and a Huntington mill, and amalgamated on 
copper plates arranged in three steps. A single hydraulic class- 
ifier and three Wilfley tables reduce thirty tons of ore per day 
to two tons of concentrates, carrying about $200 in gold. Since 
the mill began work, early in 1900, about 100,000 tons of ore 
have been handled. The concentrates are shipped to the smelt- 
ing works at Tacoma and Everett. 
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RUBY (CONCENTRATOR. 

[ Washington Reduction Company.] 

Although no work has been done in the line of silver-lead 
concentrating in the district about Ruby since the fall of silver 
in 1893, the complete concentrating plant at Ruby deserves 
mention on account of the work done before that time. 

An aerial tramway, run by gravity, brought ore from the First 
Thought mine, one mile distant. Beginning at the mine, the 
tramway runs up over a ridge, then descends by a long slope to 
the mill, the relative grades being such that the greater weight 
of the loaded buckets on the mill-side served to keep the end- 
less cable in motion. Electricity, generated by water power, 
ran the milling machinery, which consists of two rock crushers, 
two Dodge pulverizers with screens, and eight Frue vanners. 
The slimes were run over canvas strakes. During the few 
months that the mill was in operation it produced ^40,000 in 
concentrates. 

OLD DOnnNION (CONCENTRATOR. 

[Old Dominion Mining Ck>mpany.] 

Another silver-lead mill which has been l3dng idle for some 
time, is that of the Old Dominion mine, one of the best devel- 
oped and most productive mines in the Colville district, having 
yielded about I2, 000, 000 in silver, lead and gold. 

The mine tramways from two different levels are carried out 
by trestlework over the edge of a smooth hill slope below the 
tunnel mouth. The mine ore is dumped into a steep chute 80 
feet long leading down to the crushing floor of the mill. After 
passing over grizzlies and imdergoing preliminary crushing and 
sizing in rolls, the ore travels by gravity to the concentrating 
floors where the jigs and slime tables are placed. The mill is 
run by steam power, with wood fuel. 
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In this article on the Non-Metalliferous Resources of 
Washington, Except Coal, a brief discussion is had of six 
mineral products, viz.: building and ornamental stones, clay 
materials, limestone, soils, road-making materials, and petroleum. 

In the few pages devoted to building and ornamental stones, 
some reference is made to the geographical distribution of these 
products, and the best developed quarries are hastily described. 
While the building and ornamental stones of the state are of 
great importance, but scant attention is given them in this report 
because it is planned that they shall be the subject of an extended 
and exhaustive article in the report for 1902. 

While clay is an important resource, the matter pertaining to 
it is chiefly limited to descriptions of a few of the leading plants 
concerned in the manufacture of clay products. As in the case 
of building stone a complete account of the clay resources of the 
state will be given in the next annual report. 

Limestone for lime-making is one of the state's leading min- 
eral resources. Large deposits of excellent limestone occur at 
many places in Washington. The lime-burning industry is 
already well developed, and at the present time large quantities 
of lime are exported from Washington to all the neighboring 
states, to California and to Hawaii. 

Soils come under the head of non-metalliferous, or mineral 
resources, because they are derived directly from rocks. In this 
article soils are treated from the geological standpoint, and the 
close connections between the rock formations and the different 
varieties of soils is shown. 



viii Preface. 

Road-making materials are valuable resources wherever they 
occur, and Washington is fortunate in possessing throughout the 
state road metals of superior quality. Road construction on the 
most scientifia basis is receiving a great deal of attention now-a- 
days in the older states, and Washington with her splendid ma- 
terials should be a leader in the grand movement toward good 
roads. 

Petroleum, at the present time, is not one of the state's de- 
termined mineral resources. The subject receives some con- 
sideration in this report because of the wide-spread interest in oil 
prospecting, and because of the many inquiries as to whether or 
not there is any possibility of oil being found in different parts 
of the state. There are some parts of Washington where the 
correspondence in age, composition and structure between the 
rocks here and those of the oil-bearing districts of California is 
very striking. In such localities of the state, especially where 
there are good surface indications, prospecting for oil may be 
looked upon as well worth the while. 



THE NON-METALUFEROUS RESOURCES 

OF WASHINGTON. 



BUILDING AND ORNAMENTAL STONES. 



INTRODUCTION. 

In order to be valuable for building purposes a stone must 
possess strength and durability and be of a pleasing color. In 
addition to these qualifications, it must be accessible to market. 
It must also be of such a nature that it can be worked into the 
proper shape without an undue amount of labor. 

In regard to the first qualification, that of strength, its import- 
ance is usually overrated. Most stone is sufficiently strong to 
withstand the weight of any ordinary building, and it is only 
when the stone is required for heavy masonry construction that 
its crushing strength needs to be carefully considered. 

The durability of a stone is a much more important factor. 
Buildings which are constructed of stone are presumably built 
to last, and careful attention should therefore be given to the 
durability of the material. Stones of different kinds are vari- 
ously affected by the atmosphere. Sandstones which are com- 
posed mainly of quartz grains are affected according to the 
character of the cementing material. If the cement which binds 
the grains together is easily leached out by water the stone 
quickly crumbles away, but if the grains are bound together with 
silica or some other insoluble material the stone is very durable. 

Granitic rocks and nearly all of the finer grained igneous rocks 
make very durable building stones. Gneiss and schist are apt 
to scale off along their bedding planes and when they are used 
in building should always be laid on their flat side, and never on 
edge. The same rule applies to all stones that show any signs 
of bedding. 

Serpentine, while rather a soft rock, seems to be little affected 
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in color and more suitable for building purposes are found in a 
number of places in the Cascade and Olympic mountains, but 
have not yet been utilized. Serpentine, valuable for building 
and ornamental purposes, is extensively quarried at only one 
place, viz., Valley, Stevens county. 

GRANITE QUARRIES. 

Index* 

The Index granite works, owned by Mr. J. A. Soderberg, 
have for the last ten years enjoyed a practical monopoly of the 
granite business in the Puget sound region, except for the finer 
varieties used in monumental work. Large quantities of this 
granite have been used for street curbing, monument bases, 
foundation work for buildings, and many other purposes. It is 
a light gray biotite-bearing hornblende granite with crystals of 
orthoclase and plagioclase feldspar. The great preponderance of 
feldspar over quartz carries the rock near to the border line of 
syenite. It makes a strong, substantial building stone but will 
not take a good polish. It occurs in inexhaustible quantities in 
the country about Index, the whole core of the mountain being 
made of it. The quarry is located alongside of the railway track, 
about half a mile west of the railway station at Index. The 
rock is blasted loose with black powder and split up into blocks 
by means of plug and feather drills. Cars are run on the side 
track and the blocks of stone are loaded by means of derricks. 
The number of men employed varies with the number of orders 
on hand. During the summer of 1901 about forty men were 
employed continually. 

About one-half mile east of Index a new granite quarry has 
been opened lately by Mr. T. S. Ellis, of Seattle. It is very 
similar to the Soderberg stone, but is a little brighter in appear- 
ance. It is being used for the piers of the new Arcade building 
at the corner of Second avenue and Marion streets, Seattle. It 
is also being used for monument bases by some of the marble 
companies in Seattle. The demand for granite in western Wash- 
ington is increasing vary fast, and there is no doubt but that both 
of these Index quarries will soon be developed on a much larger 
scale. They are very favorably located with regard to the rail- 
road, and the stpone is so situated that it can be quarried at a min- 
imum expense. 
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Spokane is very favorably situated with regard to building 
stones. There are several granite quarries very near the city 
which are worked as occasion requires. At the present time, 
however, none of the quarries are being worked continuously. 
In the quarries east of the city the stone is taken out by con- 
tractors who only aim to fill their standing orders, and who do 
not keep a supply on hand or do any work when there are no 
orders ahead. The stone varies slightly in texture, but is mostly 
a very light gray muscovite-biotite granite with large crystals of 
feldspar. One of the quarries belonging to the Washington 
Monumental Company is in a dark gray biotite-hornblende 
gneiss, closely banded. The stone is used largely for street 
curbing, monument bases, and copings for building purposes. 



Mcdlc&I 

The quarry at Medical Lake, about sixteen miles southwest 
of Spokane, is in granite very similar to that found about Spo- 
kane. It is located on an outcropping of granite surrounded on 
all sides by basaltic lava, being one of the few places within the 
lava field where the older rocks crop out on the surface. The 
quarry has been in operation for a number of years. Most of the 
product goes to Spokane and surrounding towns. Some of it 
has been shipped as far west as Seattle where it was used in the 
Administration building of the State University. 

Snake River* 

The Snake River Granite Quarry, belonging to Mr. Miles C. 
Moore, of Walla Walla, is located on a ledge of granite at the 
bottom of Snake river canyon at a point where the river has 
carved its way through the basalt and laid bare the older forma- 
tion. The quarry is situated in Whitman county, about twenty 
miles below Lewiston, in township 13 N., R. 43 £. The rock 
occurs on both sides of the river and is capped by basalt proba- 
bly a thousand feet in thickness. A recently constructed branch 
line of the Oregon Railway and Navigation Company runs di- 
rectly through the quarry. Before the railroad was built the 
river steamers landed alonside and the stone was hoisted aboard 
by means of derricks and carried down the river forty miles to 
Riparia, where it was transferred to the O. R. & N. Railway. 
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The stone is a light gray biotite-hornblende granite with large 
crystals of clear othoclase feldspar. It is very hard and un- 
weathered and makes a handsome and durable building stone. 
About fifty thousand cubic feet of it was used in the new Gov- 
ernment building at Portland, Oregon. The piers and buttresses 
of the Northern Pacific bridge at the mouth of the Snake are also 
constructed of this stone. It is used largely for street curbing 
in Spokane, Portland, Walla Walla, and other cities. 

Farther up the Snake than the locality last mentioned, near 
the mouth of the Grand Ronde river, Mr. Moore has another 
granite quarry, but which is not as accessible as the first one. 
The stone is a dark gray homblende-biotite granite, rather fine 
grained. It takes a beautiful polish and has been used to some 
extent for monumental work, for which purpose it is admirably 
suited. Some of it has been brought down to Lewiston on scows 
and from there re-shipped by steamers. Navigation on the upper 
Snake is very precarious and until better shipping facilities are 
obtained the quarry will be rather handicapped. Steamers have 
at times of high water ascended the river to points above this 
quarry, but for practical purposes the head of navigation of the 
Snake seems to be at Asotin. 

SANDSTONE QUARRIES. 

Chuckantst* 

The Chuckanut quarry is situated on Chuckanut bay, about 
five miles south of Whatcom. The stone is a bluish sandstone 
very similar in appearance to that of the Tenino quarry, but is 
considerably harder. Like all sandstones of this class it hardens 
on exposure to the atmosphere so that in buildings like the Dex- 
ter Horton bank building of Seattle, where it has been in posi- 
tion for a number of years, it is now very hard. A compression 
test made at the Watertown arsenal, Massachusetts, gave an av- 
erage crushing strength of 11,389 pounds to the square inch. 
This strength is sufficient for all of the weight that will ever be 
brought to bear upon the stone even in the largest buildings. 

The stone occurs in a high bluff overlooking the bay and the 
beds pitch towards the bay at a steep angle. As the rock is 
blasted loose it flakes off along the bedding planes and is al- 
lowed to slide down to the bottom of the slope. When required 
for dimension stone the large blocks are loaded onto trucks and 
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run into the mill where they are sawed into the required sizes by 
sets of gang saws. The mill is supplied with two sets of gang 
sawSy and is run by steam power. A half dozen or more slabs 
are sawed at the same time, the number depending upon the 
thickness. The sawing is so arranged that when the stone is 
put into a building the bedding planes shall lie flat. Most of 
the orders call for sawed stone of specified size. 

The quarry was first opened up by Mr. Henry Roeder. He 
began operations at a point a short distance south of the present 
workings in the early seventies and moved to the present loca- 
tion at a much later date. 

The following are a few of the important buildings constructed 
wholly or in part of this stone: U. S. custom house, Port Town- 
send; U. S. custom house, Portland, Oregon; court house build- 
ing, Port Townsend; Dexter Horton building, Seattle; new high 
school building, Seattle; Thurston county court house, now the 
state capitol, Olympia. 

Scsda UaikL 

On Sucia island, the most northern one of the San Juan 
group, a quarry was opened some years ago in a dark brown 
sandstone of Cretaceous age. The quarry is located on the 
water's edge so that deep water vessels may land alongside and 
the stone hoisted by derrick from the quarry to the deck of the 
vessel. 

The stone is a hard, massive sandstone of such very coarse tex- 
ture that it approaches a grit. It is not an easy stone to work 
and is probably more suitable for heavy masonry work than for 
ordinary building purposes. The United States drydock at Port 
Orchard was constructed of stone from this quarry. 

Tcnlno* 
Bt Milnob Bobsbts. 

At a number of points in the neighborhood of Tenino, fifteen 
miles southeast of Olympia, the Eocene sandstone has beeA 
quarried as a building stone for a number of years. In some of 
the pits that have been opened, while the stone is of excellent 
quality in small masses, it occurs interbedded with thin layers 
of shale or Imes of very hard concretions, which reduce or com- 
pletely destroy its commercial value. Coal is found near by in 
the same geological horizon. 
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The only quarries in this region that are being worked at 
present are in a group at Tenino, controlled by Messrs. Russell 
and Fenton. Stone was first taken out in 1889, since which 
time the output has been practically continuous, amounting to a 
gross total of one and one-third million cubic feet. As almost 
every cubic foot of the stone is of a quality fit for the market 
and the waste in handling is slight, the peld of the quarries to 
date is seen to have been considerable. It is impossible to say 
what are the limits within which stone of the same lithological 
character may be found, since prospecting and development 
alone can prove that, but the indications are that it occurs in 
abundance. 

The stone is a rather fine-grained sandstone, light greenish 
gray in color, free from inclusions and of an even texture. The 
composition is given as follows : 

Silica. 74.00pero6nt. Oxide of Iron 6.65 percent. 

Alumina 18.61 per cent. Calcium oxide 8.61 per cent. 

Magnesium oxide 1.66 per cent. Sulphur trioxide none. 

Phosporous pentoxide none. 

A sample was tested by the ordnance department of the 
United States army at the Watertown arsenal Julys, 1893 — 
compression test No. 9256. The first crack occurred under 
173,000 pounds pressure, and the ultimate strength was found 
to be 176,100 pounds, or 6,879 pounds per square inch. Under 
the microscope the rock shows a large proportion of well-rounded 
grains of white quartz, about one-tenth of a millimeter in diam- 
eter. There are some dark colored grains of quartz present, 
along with crystals of muscovite, biotite, hornblende, and other 
minerals. A tendency to exhibit a banded structure is apparent, 
but it is more noticeable in large masses in the quarry than in a 
block or hand specimen. The bands seem to be due to layers of 
finer and darker colored material, and represent the bedding 
planes of deposition. The dip is about 15 degrees, pointing a 
few degrees west of south. 

Two main quarries have been opened up in the north side of 
a hill, half a mile northeast of the station of Tenino, on the 
Northern Pacific Railway (from which a spur enters the yards). 
The larger pit, used as a reservoir at present, extends 225 feet 
along the hillside, is over 100 feet wide, 50 feet deep at the back, 
and 25 feet deep in front, the difference being due to the slope of 
the surface. The newer pit, a few steps distant to the north- 
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west, is 1 80 feet long east and west, 85 feet wide and about 30 
feet deep. A swinging crane with 70-foot boom stands on the 
edge of this pit in the middle of the south side. 

The stone is cut out by two steam channelers into blocks four 
and one-half feet thick. A line of track made in permanent sec- 
tions is laid along the floor close to the wall. The channeler, 
which carries its own boiler and engine, moves back and forth on 
the track for a distance of twenty feet, while the chisels work in 
vertical grooves with a steady stream of water running in. Ten 
or twelve cuts are needed to reach a depth of 54 inches, occupy- 
ing from half an hour to an hour's time. When grooves have 
been cut along the whole length of track, the channeler is lifted 
by the crane and the track relaid for a parallel line of cuts. 
Other grooves are cut similarly at right angles to these, then the 
blocks are loosened by wedges driven in at the bottom. The 
crane hoists the blocks out of the pit, and places them on a small 
flat car, turning them on edge if they are to be cut by the gang 
saws. This is done in order that the sawn blocks when used in 
masonry shall lie in the same relative position as in the quarry. 

The gang saws are four in number, carrying from one to 
eight saws apiece. Each saw is simply a flat piece of steel, ten 
feet long, five inches wide and three-sixteenths of an inch thick, 
without teeth, and depending for its cutting power upon the 
speed with which it runs, and upon an abrasive in the form of 
coarse steel filings, fed with water into the cut. The saws are 
set on edge, parallel, to cut downwards, and are bolted at the 
ends like a bucksaw, the distance separating any two saws de- 
termining the thickness of the slab. The rectangular frame that 
holds them is swung from a shaft placed at right angles to the 
line of cut. The shaft*may be raised or lowered by means of a 
positive feed gear. The gangsaw is driven by a rod connected 
directly with the piston of a steam cylinder. The limit of speed 
in cutting depends upon the rate at which the saws may be 
forced down against the stone without buckling. An average of 
more than one foot per hour is usual, but with plenty of steam 
and careful feeding of the steel filings, a speed of two feet may 
be attained. 

That the sawing is not the most expensive part of the quarry- 
man's work may be judged from the fact that slabs one foot 
thick sell at the rate of 45 cents per superficial foot, eight inches 
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thick at 35 cents, four inches thick at 20 cents, and two-inch 
slabs at 16 cents per square foot of surface. When large quan- 
tities of a certain sized stone are ordered it may be produced 
much cheaper than this. It is the custom here, as elsewhere, to 
cut stone at the quarry to the proper size ready for placing in 
the building, mainly to save freight on waste material. About 
thirty or forty men are employed, the number depending on the 
orders at hand. 

The Tenino sandstone has been used in many large buildings 
throughout the state and in Oregon and California, both as the 
principal material of construction and as a finishing stone. The 
State capitol now under construction, the Bailey building in 
Seattle, Calvary Presb3rterian Church in San Francisco, and 
several business blocks in coast cities may be cited as examples. 
The stone seems to harden on exposure and wears well. Its 
refractory nature is proved by its continued use under boilers 
and as a lining for open fireplaces. Other uses to which it has 
been put with satisfactory results are as an ornamental stone for 
fountains, monuments and mantels, and in the shape of rubble 
or quarry waste to form concrete. 

WUknofu 

The Wilkeson quarry is the property of the Northern Pacific 
Railway Company and is situated at the town of Wilkeson, 
Pierce county. The rock is a sandstone belonging to the coal 
series. It is bluish-gray in color and is streaked with brown 
iron rust and carbonaceous matter. When found free from 
these defects it has a fresh pleasing appearance and makes a 
hard, substantial building stone, but it is difficult to get a large 
quantity of it that is uniform in color and texture. The quarry 
has not been in active operation for the last seven or eight years. 
Occasionally the railway company quarries some of the stone for 
its own use, but does not place any of it on the market. 

SERPENTINE QUARRIES* 

Valley. 

The United States Marble Company, of Spokane, is operat- 
ing a serpentine quarry near Valley, about fifty miles north of 
Spokane, on the line of the Spokane Falls & Northern Railway. 
It is the largest quarry in the state, both in the number of men 



The Non-Metalliferovs Resources of Washington. 11 

employed and in the value of the output. It is comparatively a 
new concern, only having been in active operation since July, 
1898, but they have already spent $75iOOo in developing the 
property and in equiping the plant. The property consists of a 
compact group of eighteen claims on Greenway mountain, in- 
cluding the serpentine dike upon which the quarry is located ; 
also eighty acres of marble land within a mile of the railroad, 
upon which no work has yet been done except a little surface 
prospecting. The dike of serpentine lies between a foot wall of 
black marble and a hanging wall of silver gray slate, both valu- 
able, but neither of which are being worked at present. The 
dike, which is about six hundred feet wide, has been traced in 
length a distance of fifteen hundred feet and has a known depth 
of seven hundred feet. It varies in color from light gray to 
deep green, the green being the most valuable. The company 
has given to the latter the name Royal Washington serpentine. 
Three machine drills are now at work in the quarry and as soon 
as' the installation of the new power plant is completed the num- 
ber of drills will be increased to eight. No powder of any kind 
is used in quarrying, as the stone is too valuable to allow any of 
it to be shattered by blasting. It is quarried out in as large 
blocks as can be readily handled by team, and hauled to the mill 
which is situated at the base of the mountain. The company 
claim that they can quarry out blocks of the Royal Washington 
of fifty tons weight, if necessary. After the blocks are quarried 
they are loaded on a wagon by means of a derrick and taken to 
the mill. The mill is equipped with the very latest machinery 
for sawing, grinding and polishing the stone into any desired 
shape. There are two sets of gang saws, a rubbing bed thirteen 
and a half feet in diameter, three polishing machines, four 
lathes, and a number of other pieces of machinery. 

The camp, consisting of bunk house, kitchen, office, barns, 
store building, etc., is situated on the mountain side several hun- 
dred feet below the quarry. The general store not only supplies 
the company's own employees, but also does considerable busi- 
ness with the nearby mining camps. A warehouse has been 
built at Valley, where the finished stone is stored awaiting ship 
ment. 

Since the fall of 1900 the mill and quarry have been operating 
night and day continually in an effort to keep up with the 
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orders. Many orders in fact have had to be refused until larger 
machinery could be installed. There are now over eighty men 
on the company's pay roll and they are working on orders for 
several months ahead. Most of the orders are for monumental 
and building stone, both for interior and exterior finish. 

At the Pan-American Exposition at Buffalo the company ex- 
hibited a beautiful mantle showing the various colors and quali- 
ties of their stone. The exhibit was awarded a silver medal. 

The marble and slate deposits which up to the present time 
have been entirely untouched offer a promising field for future 
activity. The present limited demand for these two stones can 
be largely increased and the company is now making prepara- 
tions to open up these deposits and put the products on the 

market. 

MARBLE QUARRIES. 

Stevens Goonty* 

At a number of places in Stevens county marble of an excel- 
lent quality and of a very pleasing color is found. Blocks of 
large size may be quarried, and a monumental stone of superior 
excellence obtained. In some instances the marble lies conven- 
ient to the railway so that the quarry products may be easily 
shipped to market. A great deal of interest is now being taken 
in these marble deposits and it is expected that a number of 
large quarries will soon be put in operation. 

The marble of Stevens county belongs to the ancient rocks 
now so highly metamorphosed that they have become quite crys- 
talline. Such rocks are characteristic of the northern Cascades 
and the Okanogan highlands, extending eastward to the Idaho 
line. The marble occurs in occasional masses among the gran- 
ites, gneisses, and schists wherever erosion has not yet removed 
it. 
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CLAY MATERIALS* 



INTRODUCTION. 

The clays which are being used in the state in the manufac- 
ture of different varieties of brick, drain tile, sewer pipe, terra 
cotta products, etc., belong to several different geological forma- 
tions. The most important clay deposits may be divided accord- 
ing to their method of occurrence into glacial clays, residual 
clays, and clay shales. 

Glacial clays are found very generally distributed over all of 
the glaciated region of western Washington. They are com- 
posed of the fine flour ground up by the glacial ice and deposited 
by streams in the numerous small lakes and ponds which 
abounded throughout the region during the time when the ice 
was disappearing. The clay beds occur very irregularly, inter- 
stratified with sands and gravels or embedded in the till, and the 
quantity in any one place is largely a matter of speculation. The 
brick yards which utilize this clay are all located either on the 
shores of the Sound or on railway lines close to the larger centers 
of population. The clay is used chiefly in the manufacture of 
common red brick, and this industry has grown to be one of con- 
siderable magnitude. During the year 1901 the brick yards of 
Seattle alone made over thirty-nine million red brick, having a 
total value of nearly {400,000. 

Residual clay is found only in the non-glaciated parts of the 
state. It is the residue left after all the soluble parts of a rock 
have been carried away. In western Washington, between 
Puget sound and the Columbia river, this clay is very thick in 
places, being formed largely by the weathering of shale. Shale 
is merely consolidated clay, so that the line of distinction be- 
tween them is not very clearly drawn. Occasionally the clay 
beds are not very deep, and graduate insensibly into the solid 
shale beneath. 

In eastern Washington the fine residue left by the decompo- 
sition of basalt makes a very good red brick. Throughout most 
of the region where the basalt occurs the brick that is used is 
made from this material. Small kilns are in operation in a num- 
ber of places to supply the local demand. 
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The more expensiTe productSy such as cream-colored pressed 
brick, red pressed brick, vitrified brick, drain and sewer pipe, 
and terra cotta articles are all manufactured from the older shales 
and clays which are described in connection with the different 
manufacturing plants which use them. 

DENNY OAY OOIIPANY. 

BT MEUIOB BOBBMES. 

The clays used by the Denny Clay Company, of Seattle, are 
all obtained from the company's mines at l^pmmer and Taylor 
on the Columbia ft Puget Sound Railroad. At Kummer, in 
Green river canyon, the variety known as <' flint" clay is mined 
from a seven-foot vein at the foot of an incline 700 feet long. 
The clay used for making sewer pipe occurs in a mass 60 feet 
thick, which is treated just as a coal bed would be, and mined 
by breasts. A tunnel has been driven in at a point so feet above 
the high water mark of Green river. On account of the strength 
of the clay wide breasts and small pillars have been found Mf e 
to use. At Taylor, 20 miles to the northeast, die quality of the 
day renders it suitable for making pressed brick, flue lining and 
terra cotta. 

George W. Kummer, general manager of the company, who 
has been experimenting here for a dozen years past, and is fa- 
miliar with Eastern methods of manufacture, has found that 
unlimited combinations can be made out of these clays, to pro- 
duce practically all forms of brick, pipe and fire-proofing mate- 
rial. For instance, the highly refractory but non-plastic ''flint" 
from Kummer, when mixed with a proper proportion of the 
Taylor clays, makes a highly refractory yet strong fire brick. 
Again, as a matter of experiment, pressed brick for facing build- 
ings has been produced in twenty-three distinct shades of color, 
from the seven different kinds of clay at hand. Doubtless in 
some of these cases the result has been due to skillful handling 
in the kiln, varying the degree of heat, muffling, using direct 
fire or radiated heat. In burning a kiln full of brick it is un- 
usual to find absolute uniformity of color throughout, as difler- 
ent conditions may prevail in different parts of the kiln, and for 
similar reasons it is difficult to match a peculiar color with 
exactness. 

In the following analyses, made by W. J. Rattle, of Cleve- 
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land, No. i is the flint clay from Kummer, Nos. 2 and 3 are 
from Taylor, and No. 4 is a fine sand from Kummer which is 
mixed with clays to increase their percentage of silica, and add 
solidity to the brick. 



COMPONSNT PABT8. 



SUlca 

Alumina 

Lime 

Magnesia 

Iron peroxide 

Iron sesqui oxide. 

Alkalies 

Soda and potash. . 
Ck>mmon water 



No.l 



88.44 

45.28 

1.60 

8.61 

1.67 



1.44 
'i6!44' 



No. 2 



41.86 

40.49 

.62 

Trace 



.71 



.1.47 
15.29 



yo.s 



72.80 
19.95 
.52 
Traoe 



.71 
.114 
2.96 
8.50 



No. 4 
Fire sand 



78.60 

18.06 

1.22 

.64ft 
2.29 
.U4 



8.80 



The works of the Denny Clay Company are situated one mile 
southeast of Georgetown, and six miles from the center of 
Seattle on the line of the Northern Pacific Railway and the elec- 
tric line to Tacoma now in process of construction. 

Clay arriving by car from the mines is piled under sheds„ 
each class by itself. Certain combinations of clays being re- 
quired for certain products, the mixing is done by taking the 
proper number of loads by wheelbarrow from each pile and 
feeding them together into the crushing pan. Coarse lumps 
are first broken in a jaw-crusher, from which an endless belt 
carries the broken material to the pan. The latter is a form of 
Chilian mill, consisting of a circular steel pan nine feet in diam- 
eter, with flat bottom and vertical sides eighteen inches high. 
Power furnished to a central column with bevel gearing causes 
the pan to turn at the rate of 25 to 30 revolutions per minute. 
Two steel-tired grinding wheels, four feet in diameter and eight 
inches thick, rest vertically on the bottom of the pan and turn 
on a horizontal axis which is hung on springs. The outer edge 
of the pan bottom for a width of two feet is a screen surface, 
with slotted openings one-fourth inch by two and one-half 
inches, radiating from the center. The clay is both crushed 
and ground by the rollers, and forced to the outer edge of the 
pan, where the fines fall through the screen to a lower plate and 
are discharged into an elevator. Stationary steel guides set in 
the pan shunt the contents in toward the center at every turn^ 
thus bringing back under the grinding wheels all material that 
fails to pass the screen. 

The elevators used for clay are canvas and rubber belts with 
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paddles attached, running in a trough. From the grinding pan 
the fines are carried up to the third floor and run through a 
trommel. The coarse is allowed to run back over a long screen^ 
returning to the grinding pan. The size of the mesh used in 
the trommel and screens depends altogether on the purpose for 
which the clay is needed, but ordinarily it varies from ten to 
twenty holes per linear inch. Screened clay falls through a 
chute to the mixing or <<wet" pans, two in number, placed side 
by side and handled by one man. The apparently simple work 
of tempering the clay by mixing with water, in reality requires 
great experience in handling clays, and a knowledge of their 
physical properties, especially their plasticity, therefore the man 
who fills the position of mixer is more responsible than anyone 
else for the burning and wearing qualities of the product. The 
pans are similar in construction to the grinding pan, but as there 
is no outlet for the mixture through the bottom, a long-handled 
scoop set on a pivot is used to raise the tempered clay and 
dump it into an elevator. 

The main building in which the brick and pipe presses are 
placed measures 80 by 150 feet and is three stories high. A 
complete heating plant with steam radiator pipes under the first 
fioor keeps the air in the building at the proper temperature for 
drying green material. The engine and boiler plant in an ad- 
joining building generates 300 nominal horse power. In order 
that the buildings may be free from the jar caused by the work- 
ing of heavy machinery and the revolution of the line shaft, the 
latter is supported on several blocks of concrete weighing ten 
tons each set in the ground, and the mixing pans have similar 
foundations. Fourteen down-draft circular kilns are in use, 
some of them being of unusual size, 34 feet in internal diameter. 
The fuel is obtained from a coal bed overlying the clay in the 
company's mine at Taylor. 

The total force of men employed numbers 145, of whom two- 
thirds are at the works, and the rest in the mines. The main 
products of the works are as follows: 

Pressed facing brick, made in a number of different shades as above 
slated. Standard colors are kept on hand in large supply, and others 
are made to order. This brick finds a market in Seattle, Tacoma, Vic- 
toria, Vancouver, Spokane, Walla Walla, and Portland. 

Vitrified or annealed paving brick, for street paving. Annealed 
and glazed brick Is rapidly growing In favor as a street paving material. 
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owing lo Its great Btrengrth and durablUtv under heavy tralfla. Its 
smoothness, cheapness and the speed with wbioh It can be laid. 
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• TeBted OD edge. 

Sewer pipe, glazed, varies In diataeter trom 8 to 24 Inches Inside 
measurement, length two feet 

Drain tile, made In one or two-toot lengths, size trom 2 to 6 Inches. 

Chimney pipe, tops and flues, made of blgh grade Ore clay, in all 
necessary forms. 

Hollotv vllrifled toundatlon bloclci, In two sizes, 81 or 12 Inches Id 
square section, and trom 8 inches to 8 teet long. Being vitrified, they 
are Impervious to moisture, while the air space In each block is a poor 
conductor of heat trom wlthlo or cold from wlthouL 

Fire brick. In all the usual shapes, proved to possess excellent quali> 
ties as locomotive brick, furnace blocks, linings, etc The following 
results are from tests made by J. W. Bellley, major ordnance department, 
n. S. A., Watertown Arsenal : 

Area exposed lo cnuhlng. 17.97 gqnare lnobei 

ATenge vei^l ander vblcb brick cnMiked 2>M tens 

ATenjte lorce required u> enuh brick SZ.« unu 

Wuigbt wben dry t.llS pcmoda 

Percenuge of irater absorbed 11 

Ground fire clay. The flint clay trom Hammer is mixed with a 
plastic clay, and by a special process of treatment Is brooght to a plastic 
condition, meanwhile retaining its refractory qualities. The mixture Is 
dried, pulverized, and shipped in barrels, to be used as a cement In lay- 
ing Ore brick. From five to seven hundred pounds ore required lo lay 
one thousand brick, making the joints as thin as possible. 

Sidewalk ood floor tile, both plain and omament*!, partition tile of 
fire clay, ornamental wore, terra cotta, etc Two small kilns are do- 
voted to the macutacture of such ware. 

Acid brick, made from very siliceoiis days free trom alkalies, for 
special use In acid and powder worka 
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UTTLB FALLS FIRB CLAY OOilPANY. 



Along the Cowlitz river, a few miles above the crossing of the 
Northern Pacific Railway at Oleqna, and two miles east of the 
station of Little Falls or Sopenah, an excellent exposure of clay 
shale occurs in the west bank of the river. At several points in 
its southerly course the stream has reached the western border of 
the bottom lands of its valley, where the strong current swinging 
against the bordering hills has cut away the lower banks and left 
escarpments several hundred yards long and thirty or forty feet 
high. Here may be seen sandstones interbedded with shales, 
both arenaceous and argillaceous, containing numerous fossils 
probably of Pliocene age. A portion of the shale has a findy 
laminated structure, but much of it is massive, in this case 
usually containing inclusions of very hard sandstone, fossillifer- 
bus. Although land-slips have disguised the true bedding in 
many places, the average dip seems to be from two to ten de- 
grees to the northeast. Several lines of sandstone boulders stand 
out prominently on the face of the cliff, in beds varying from a 
few inches to two feet in thickness, and in these the fossil con- 
tents are much better preserved than in the adjacent shales. 

Fresh specimens of shale from this locality are of a grayish 
drab color, commonly called ** blue/' while the same material, 
when exposed on the surface or along joint lines, turns to a light 
brown shade, with coatings of red oxide of iron. Small amounts 
of alkaline sulphates are present, showing as efHorescence, but 
the usually common black oxide of manganese is absent. Mica, 
mostly muscovite, is quite prevalent, and is especially noticeable 
in the fine laminated structure, where the thin plates lie parallel 
to the cleavage of the shale. Columnar structure is sometimes 
shown in the thick beds of shale, the columns being four and five 
sided usually (with irregular forms intervening), having a diame- 
ter of a few inches only, and not much greater length. Each 
column is commonly coated with a layer of thoroughly oxidized 
material, changing in character towards the center, which may 
be of original "blue." 

About a quarter of a mile northwest of the above locality, on 
hilly ground rising from the Cowlitz river, pits have been opened 
up in the beds, from which several thousand yards of clay have 
been taken by the Little Falls Clay Works. These beds appar- 
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ently overlie those on the river, and their geological horizon is 
probably not distinct, although no connection can be traced ac- 
curately at the present time. Some difficulty is experienced in 
working the pits, as water accumulates in all the hollows, owing 
to the impervious character of the beds, and in the spring season 
when the whole ground is saturated, slides are frequent, bring- 
ing down the overlying gravel and debris of timber, thus cover- 
ing the working face. The method of working is very simple. 
A level floor with a tramway is graded in the face of the hill, 
and the material is broken down with picks directly into cars. 
Nodules and boulders are thrown on the dump, along with un- 
suitable clay, gravel, etc For the most part, a pick is found 
to be the best tool for the work on account of the easy breaking 
due to the joints and columns, but occasionally a large mass is 
loosened or thrown down with a charge of low-grade giant pow- 
der. Certain layers occur here which contain iron in such quan- 
tities as to give them a rather brilliant orange-red appearance. 
Some of the layers of the blue are practically unweathered and 
have the same appearance throughout. 

Pits have been opened at other localities in this region, 
yielding clays of economic value. Especially good clay, both 
blue and white, has been obtained in the valley of the Cowlitz 
river, about four miles above the place described. 

In the year 1891, the Washington Fire Clay Company began 
the manufacture of brick and pottery at Sopenah, a station on 
the Northern Pacific Railway, midway between Tacoma and 
Portland. During the years 1894-5 the works lay idle, but since 
that time have been running quite steadily, for the past three 
years under the name of the Little Falls Fire Clay Company. 

A tramway nearly two miles long leads from the works to the 
pits described above. Owing to the grades on the line, a car 
carrying one and one-half tons is found to be a full load for a 
horse to pull. Clay has also been brought by wagon from pits 
further up the Cowlitz river and other points near at hand, as 
well as from Gale creek. 

The company's works are very compact, all the manufactur- 
ing and drying being done under a single roof, while the kilns 
are placed under an adjoining shed. The main building is of 
brick, three stories high, and has an inside measurement of 80 
by 250 feet, giving a total floor surface of 60,000 square feet. 
2 — III 
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At the main purpose of eiidi a large bmlding ia to give drying 
rooniy the builders kept that idea in mind throughout its con- 
struction. The flooring is of iji-inch stuff, set three-eighths of 
an inch apart, thus allowing fiee circulation of air from base- 
ment to roof. The heating plant, located in the basement and 
ground floor at the center of the west side, consists of two re- 
turn tubular boilers (66 inches by i6 feet, with 56 flues apiece), 
connected at the bottom by a mud drum and at the top by a 
steam dome 38 inches by la feet Two supply pipes, i^-inch 
diameter, carry live steam to two 8-inch headers, placed one in 
each end of the building, from which radiator pipes eitend the 
whole length of the building, 250 feet, at intervals of six inches 
or less, making a total length of over seven miles of pipe. This 
great radiating surface serves to keep a volume of warm air cir- 
culating through the whole building aided by the spaced flooring. 
The drip of the dead steam returns by gravity to the boiler 
room and is pumped while hot into the boilers. 

A 6-inch pipe supplies steam to the «igine, a Nordberg Cor- 
liss, z6 by 36 inches. The main line shaft runs part way across 
the center of the building on the first floor. The brick presses 
are also on the first floor. The remainder is used as a drsring 
floor, where the brick and tile receive their final drying before 
going to the kilns. Drain tile, sewer pipe and flue lining are 
made in a press on the second floor ; the steam cylinder which 
furnishes the compressing power is set between floors, and the 
tempered day is fed into the press on the third floor, where the 
screening machinery is placed. The company's office occupies 
the southeast comer of the second floor. On account of the 
fact that the drying of the pressed material must be done slowly 
and carefully at first, to avoid cracking, it is customary to send 
the products of the presses up to the third floor, farthest re- 
moved from the steam pipes, where, after two days' drying, the 
necessary trimming is performed. 

The clay brought from the pits in tram cars, is dumped in 
heaps under sheds, each class by itself. It is then wheeled to 
the grinding pan and after being crushed is elevated to the third 
floor, screened through a trommel, and sent down to the mixing 
or wet pans. 

Clay that has been mixed, screened and tempered to a proper 
degree of plasticity for pipe making, is elevated to the third floor 
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and there fed to the steam press. A 4-inch pipe suppUes steam 
at a 95 pounds pressure to a cylinder 44 by 36 inches. Under 
this enormous pressure the moist clay is easily forced down 
through the mould. For making sewer pipe a << former'' is set 
at the bottom of the mould to form the joint head or shoulder of 
the pipe. Steam is let into the cylinder until the triple piston 
rods are forced down a few inches, filling the "former" with 
with clay. Next, the '^ former" is lowered and swung aside, 
steam is again admitted and enough clay is squeezed down 
through the mould to give a length of 29 or 30 inches to the 
pipe. Steam is shut off, the pipe is cut by a jack-knife folding 
up inside the mould, and the pipe is placed on a truck and hauled 
to the drying floor. The "former" is greased and swung back 
into position ready for another length. Four men are required 
to handle the pipe press, one to regulate the steam in the cylin- 
der, one to handle the "former," and two to cut and lift off the 
finished pipe. 

In making drain tile, or any straight pipe without a shoulder, 
great speed may be attained. As many as 2,500 pieces of tile 
of four inches inside diameter can be turned out on a single press 
in one day. One thousand five hundred would be a good day's 
run of 3-inch pipe, 1,000 for 8-inch, while in making the heavy 
2-foot sewer pipe 200 pieces is about the working limit for ten 
hours' time. All these sizes are made on the same press, by 
changing the mould. After drying for two days, the pipe goes 
to the hands of the finisher, who cuts and fits the elbows, and 
trims to proper length, allowing for a shrinkage of one inch in 
eight, so that the burned pipe shall be two feet long. Ten days 
or two weeks is required for the final drying. 

Paving brick which is to undergo vitrification is formed in a 
somewhat similar manner. A horizontal steam press forces a 
steady stream of clay through two moulds side by side, with 
opening 2j^ by 4^ inches. As the stream of moulded clay 
issues it is cut into 9-inch lengths by means of a revolving wheel 
carrying pieces of fine steel wire stretched taut. An endless belt 
conveys the bricks to another machine where they are pressed 
again. Dry pressed brick is made by running rather dry clay 
into separate moulds, which are subjected to a high steam pres- 
sure. Special tempering is required, in order that the brick 
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shall be stiff enough to hold a sharp edge, but will Hot cradc On 
dfying after being greatly compressed. 
, Six Idlns are in use at the Little Falls works, all of them cir- 
cnkur, 30 feet in diameter, 12 feet to the crown inside, with xo 
or za fireplaces apiece. Down-draft is obtained by means of 
''bags," which direct the heat from each fire against the crown ; 
the floor is built of spaced brick, through which the air is drawn 
to underground flues leading to stacks 65 fe^ high, one for each 
pair of kilns. Sewer pipe is stacked in the kilns on end, Aree 
rows high, and burned for about six days, f' Try-pieces" of 
day are placed inside near the door, where they can be r^noved 
by teldng out a jdug in the door. The kiln man in charge of 
tibe burning is thus able to tell its rate of progress. At the fin- 
idung point of the burning, vitrification is caused by scattering 
one or two shovelfuls of salt over each fire, using about aoo 
pounds to a kiln. Three or four hours later the process is com- 
pleted and the kiln may be opened gradually, cooling through- 
out in three days. Pipe that has entered the kiln in a ''green'* 
state, that is, not thoroughly dry, usually shows white streaks 
and blotches on its surface, and fails to vitrify. 

Dry pressed brick is heated slowly and burned carefully for 
ten or twelve days, the time varying with the character of the 
clay and the amount of heat it requires. Both pipe and brick 
attain a white heat, from which the brick will not cool in less 
than four days, on account of absoption due to thickness. Sec- 
tions of pipe are nested, the small within the large, giving a kiln 
capacity of more than one thousand pieces. 

The following figures showing the output of the Little Falls 
Fire Clay Company for the year 1901 were furnished by the 
manager, Mr. R. P. Bradley: 

Total feet of sewer pipe, all sties 186,106 

Branches, 2-foot lengths, all sizes 8, 876 

Curres and elbows, all sizes 1,868 

Other sewer pipe fittings, pieces * 127 

Peetof diaintile, 8-in. to8-in 24,488 

Paving brick 106,400 

Pace brick, dry press 228, 500 

Firebrick 10,500 

WASHINGTON BRICK, UME AND MANUFACTURING COMPANY. 

Beside the plants engaged in the manufacture of common 
brick for the Spokane market there are several companies turn- 
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ing out high grade clay products whose market is not by any 
means confined to that immediate vicinity. The most impor- 
tant of these is the Washington Brick, Lime and Manufacturing 
Company with headquarters at Spokane and works at Springdale 
and Clayton, Stevens county, and at Freeman, Spokane county. 
The plant at Springdale is engaged in the manufacture of lime 
and has been described under that heading. The Clayton works, 
situated on the line of the Spokane Falls & Northern Railway 
about twenty-five miles north of Spokane, is the most important 
of the company's plants. There is here a fully equipped clay 
manufacturing plant employing seventy men, engaged in the 
production of common and pressed brick, architectural terra 
cotta, fire proofing and drain tile. The market for their product 
includes all the larger towns and cities of Montana, Idaho, 
Washington, British Columbia and Oregon. Numerous recent 
orders from Seattle, Boise and elsewhere have kept them run- 
ning at full time. Fire proofiing and terra cotta for the new 
Great Northern depot at Spokane and the Masonic temple at 
Butte are among the most recent orders filled. 

The Freeman plant, on the O. R. & N. Railway about fifteen 
miles southeast of Spokane, manufactures common and fire brick 
of superior quality. There are about forty men employed about 
the works. (H. Brooke.) 
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13KBSTOSE, 

INTRODUCnOK 

Limaatoae ntitabU for Ume-baniiiig hu been diacovered at 
many places in Washington. It ia foond in a cryataUine condi- 
tion among the ancient rocks erf the Okanogan **ig**t**"^* and the 
northern Cascades ; and well-known depoaita ol it occur on both 
San Juan and Orcas islands. Whererer it ia found it ia wholly 
or partly converted into marble, and alwaya givea evidence of 
much metamorpbism. As a role the limeatone ia a very pure 
calcium carbonate, although nagneaiom carbonate ia aometimea 
present. 

Lime belongs to that class of heavier building materiala which 
not stand the expense of long tranqxtftation, aapedally the 
lually heavy expense of land tranaportation. Lime weigha ao 
much in proportion to its value that freight ehargea aoon incieaae 
the price until the latter becoflMa fwohibitivB. For thia reaaan 
we find a number of small kilna acattered about the state aupply- 
ing the local markets, npeciaUy io the intarior. Soma of our 
lime loins, however, are so conveniently situated in regard to 
cheap water transportation that they are able to supply a much 
more extended market and are consequently able to conduct 
operations on a very large scale. The lime-burning industry is 
more than keeping pace with the industrial development of the 
state along other lines. Not only are we able to supply all local 
demands, but we are also able to make heavy shipments to points 
outside the state. 

SAN JUAN ISLANDS. 

The San Juan islands are the center of the lime burning in- 
dustry of western Washington. The principal plant on the 
islands, the Roche Harbor lime works, is the biggest concern 
of its kind in the state, if not on the Pacific coast. It manufac- 
tures more lime than all the other kilns in the state combined. 
Its output at the present time is about fifteen hundred barrels 
per day. The plant is thoroughly modern in every respect, and 
is tmder the very efficient management of Mr. John S. McMillin, 
the president of the company. The company has the largest 
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deposit of pure limestone thus far discovered on the islands. It 
extends all the way across the peninsula from Roche Harbor to 
Westcott bay, a distance of half a mile. The width of the out- 
crop is about eight hundred and fifty feet, and the average 
thickness above water level two hundred and fifty feet. It ex- 
tends below water level to an unknown depth. The quarry is 
worked from a steep face close to the water's edge and at a suf- 
ficient elevation to employ the gravity system. From the time 
the stone leaves its original position in the quarry until it 
reaches the steamer its course is always down hill. In the 
quarry air drills are employed in putting in the holes and giant 
powder is used in blasting. In work of this character the aim is 
of course to break as much rock as possible with each shot irre- 
spective of its fineness or coarseness. The stone as it is blasted 
loose rolls to the bottom of the slope where the larger pieces are 
broken with a hammer ; the finely broken stone is next loaded 
onto iron dump cars which are then run down an incline track 
to the chutes above the kilns. The stone is then dumped into 
chutes each one of which communicates with the upper opening 
to a kiln. The stone is fed into the kiln from above as fast as 
the burned lime is drawn off from the bottom. The fires are 
never allowed to go out except when it becomes necessary to re- 
line the furnaces, which does not occur very often. Each kiln 
holds thirty tons of rock. 

The length of time required to turn limestone into lime de- 
pends on the intensity of heat generated in the furnace. The 
kilns are of the Monitor pattern, consisting of two inner layers 
of fire brick, an outer layer of ordinary red brick and a sheeting 
or jacket of boiler iron riveted together. Between the outer 
layer of brick and the jacket there is a space of about two inches 
filled with ashes and small pebbles to act as a non-conductor of 
heat and also to relieve the iron jacket from the strain caused by 
the expansion of the bricks due to the intense heating of the in- 
terior. Each kiln is fired by two furnaces, one on each side, 
and consumes about a cord and a half of wood each day. Each 
kiln is surmounted by a smokestack of boiler iron. These in- 
crease the draft and so cause a more nearly perfect combustion 
of the fuel. By increasing the intensity of the heat the smoke- 
stacks reduce the time necessary to bum the lime and thus add 
to the capacity of the plant. Underneath the firebox there is a 
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cooling receptacle into which the lime falls after it has become 
thoroughly burned. There is a system of cold air drafts in the 
cooler which carries off all the dust and gases and greatly hastens 
the process of cooling. From the cooler the lime is drawn through 
a chute directly into barrels of a capacity of two hundred pounds 
each. The barrel stands on a platform scale as it is being filled 
and when exactly two hundred pounds have been drawn the bar- 
rel is passed along and another empty one takes its place. The 
heads are put in the barrels by workmen skilled in the business, 
and from them the barrels are hauled in large trucks to the ware- 
house on the docks. The company always keeps a reserve stock 
of several thousand barrels in its warehouse with which to fill 
emergency orders on short notice. There is a good deep water 
harbor so that vessels of the largest size may come alongside of 
the wharf and load. The plant could not be more favorably lo- 
cated as far as cheap water transportation is concerned. The 
abundance and purity of the raw material, the unsurpassed 
transportation facilities, and the very efficient management are 
the three factors which have combined to build up this great in- 
dustry. The folloYring analysis of the limestone shows in a 
striking manner its exceptional purity: 

Percent. 

Silica 25 

Iron and alumina 80 

Phosphorus 10 

Carbonate of lime 98.85 

100.00 

The company owns and operates its own barrel factory on the 
premises. Fir is the only wood employed in making the barrels 
and it has been found to be admirably suited for that purpose. 

Besides using the limestone for the manufacture of lime the 
company has been shipping large quantities of the raw material 
to different smelters to be used as a flux in their blast furnaces. 
The stone for this purpose is run out of the quarry on cars and 
dumped into a long chute which leads directly to the scows onto 
which the limestone is loaded. The scows are then towed by 
means of tug boats to their destination. 

Besides the plant at Roche Harbor there are a number of 
smaller plants burning lime in different parts of the San Juan 
group of islands. The chief drawback thus far encountered by 
most of them is that they cannot find large bodies of good lime- 
stone. The stone occurs only in isolated fragments embedded 
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usually in an eruptive rock. These fragments are usually of 
small size, the largest thus far found being that owned by the 
Roche Harbor Company. 

Henry Cowell & Company have a plant of two kilns located 
on the west coast of San Juan island, and about seven and one- 
half miles from Friday Harbor. The plant has a capacity of 
two hundred and thirty barrels per day. The kilns are built of 
sandstone and limestone, and lined with a double row of fire 
bricks. A gravity track runs from the quarry to the kilns, and 
from the kilns to the wharf. Most of the lime is shipped to the 
cities and towns of Puget Sound, and to Portland, Oregon. 
Occasional shipments are made to San Francisco and Hawaii. 

At several places on Orcas island, notably near East Sound 
and Deer Harbor, small deposits of limestone occur. Along the 
water's edge near these lime outcrops several kilns have been 
built and in them considerable lime has been burned. The un- 
expected exhaustion of the supply of stone has caused some of 
the kilns to become idle. At the present time lime is being 
burned near Deer Harbor by two companies, one, the Eagle 
Lime Company, operating one kiln of 120 barrels capacity, and 
the other, the Island Lime Company, operating a kiln of 80 

barrels capacity. 

GRANITE FALLS. 

Three miles east of Granite Falls, on the Everett & Monte 
Cristo Railway, is the quarry of the Canyon Lime and Cement 
Company. The property embraces a little more than twenty 
acres, or one full mining claim. The quarry is located along- 
side the railway and the stone is loaded directly onto the cars on 
the company's sidetrack. The quarry has been in operation for 
a year and a half, and from it at the present time there is being 
shipped about sixty tons of limestone per day. Regular ship- 
ments have been made to the Everett smelter ever since the 
quarry was opened. Shipments are also made to Seattle and 
other places. There is a first-class modern lime-kiln installed, 
having a capacity of one hundred barrels per day. From three 
to five hundred barrels of lime have already been made and 
shipped. An analysis of the lime gives the following constitu- 
ents with the percentage of each: percent 

SUIoa 0.60 

Iron oxide 1.15 

Calcium carbonate. 96.48 

Magnesiiim. 0.60 
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SPRINGDALE. 

The Valley-Brook White Lime Works, located at Springdale, 
Stevens county, belongs to the Washington Brick, Lime and 
Manufacturing Company of Spokane. The property consists of 
about 640 acres of land, and the necessary equipment and ma- 
chinery for the daily production of 500 barrels of lime, which is 
the present output. The Spokane Falls & Northern Railway 
passes through the property, and the sidings, switches, etc., 
provide cheap facilities for the loading and transportation of the 
lime. 

Wherever the solid rock formation outcrops on the com- 
pany's land it is limestone. Pits dug at different points, and 
cuts made where the formation does not outcrop, all show that 
limestone is the country rock throughout the entire tract. 
Analyses have been made from various outcrops of limestone 
with the following general results : 

Oalolum carbonate 96 per cent, or more. 

Magnesium carbonate S per cent, or less. 

Silica 1 per cent, or less. 

Total .....100 per cent. 

Analyses made from one special quarry, with a view of sup- 
plying the paper mills with a high grade magnesian limestone, 
showed the contents given below : 

Magnesium carbonate 47 per cent, and under. 

Calcium carbonate fi2 i>er cent, and over. 

Silica, a trace to 1 per cent. 

Shipments of the magnesian limestone were made to the Wil- 
lamette paper mills, and the rock was found to be well suited to 
their purpose, but the freight rates would not permit of extended 
shipments at a profit, and so they were discontinued. 

The equipment consists of four continuous kilns, capacity 500 
barrels daily, track, cars, and other necessary machinery; build- 
ings, consisting of store houses, office, residences, etc. 

There is a constant and growing demand for the lime pro- 
duced, but the rock carrying the high percentage of magnesium 
carbonate will not be in demand until paper mills or other man- 
ufactories are located sufficiently near so that freight rates will 
not interfere with its use, or the rates to those mills now using 

it are reduced. 

REPUBUC 

There is a small lime kiln between Republic and Wauconda 

that has produced a considerable quantity of lime for local use. 
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The stone found here is a bluish, compact limestone, checked 
with light blue granular marble with very little spar of any sort. 
An analysis made by S. G. Dewsnap gave the following result: 

Per cent. 

Calcium carbonate fl6.2 

Silica. 6 

Magnesia. trace 

Phoephoma ., trace 

Sulphor *. trace 

Organic matter and water. 1.2 

100.00 
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GENERAL STATEIIENT. 



ORIGIN OF SOILS. 

The rocks which f onn the crust of the earth are everywhere 
at their surface exposed to the disintegrating action of air and 
water. Soil is simply the decomposition product, the insoluble 
residue left after nearly all the soluble portion has been carried 
away by percolating waters. It is evident therefore that the ele- 
ments which constitute the soil must have existed in some form 
or other in the parent rock. It does not follow, however, that 
the resultant soil resembles in diemical composition the rock 
from which it was derived, in fact analjrses usually show them to 
be widely dissimilar. This is conspicuously the case in limestone 
regions where the lime in many cases has been almost entirely 
leached out of the soil, although forming the great bulk of the 
underljring rocks. In these cases the greater part of the soil is 
made up of constituents which formed a very small portion of the 
parent rock, and we must bear in mind that one foot of soil 
usually represents the residue left by the decomposition of a great 
many feet of the solid rock. 

Rocks lying at any considerable distance below the surface of 
the earth are protected from the destructive agencies of the at- 
mosphere, and undergo little or no alteration from these causes, 
but when in the course of time the rocks above them are denuded 
and carried away by the streams to be re-deposited somewhere 
else, then these underlying rocks are exposed in their turn. The 
agents of disintegration which exist in the atmosphere and in the 
soil act usually from the surface downward, so that it is always 
the surface of the rock which is being most attacked and any 
cause which increases the surface area accelerates the work of 
destruction. Thus the mechanical agents of air and frost which 
are at work breaking up the rocks act as pioneers for the chemi- 
cal forces which follow them. Usually, however, most or all of 
these forces are working together at the same time. The agents 
which are at work disintegrating the rocks may be divided into 
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two classes: ist. Mechanical, 2nd. Chemical. Each of these 
may be subdivided into the forces of air, and water. 

DISINTEGRATION OF ROCKS BY MECHANICAL AGENTS. 

Air. — The corrosive action of wind-blown sand in certain 
localities in the Middle West has carved the rocks into many 
fantastic shapes. This corrosive action is of course greatest 
nearest the ground, since most of the sand carried along by the 
wind is not raised far above the surface. The result is that the 
bases of the cliffs are continually being carved out until they 
become top-heavy and topple over. In comparatively arid re- 
gions like certain parts of eastern Washington where the pre- 
vailing winds are from the west or southwest, the result is shown 
in the form of the hills, the side exposed to the wind having its 
fine material carried away as fast as formed and re- deposited in 
more protected places. The etching effect of wind-blown sand 
is on the same principle as the mechanical device known as the 
sand blast, used in certain industries. 

The rocks which form the great mass of the earth's crust are 
made up of a number of minerals, each having a different coeffi- 
cient of expansion, so that under a change of temperature the 
minerals expand or contract in different degrees, thus setting up 
internal strains which tend to force the particles apart. The 
same disintegrating effect may take place in rocks of uniform 
texture and composition due to the unequal heating and cooling 
of different parts of the same rock. 

Water. — The mechanical effect of water from the soil-form- 
ing pomt of view is nearly all of the destructive sort. The ul- 
timate fate of all soil is to be carried away and deposited in the 
sea. The material which forms the crust of the earth is contin- 
ually going through a great cycle of change. It passes from 
solid rock to soil, is carried by the sreams down to the sea, is 
there deposited as sediment on the sea floor and during the suc- 
ceeding ages is covered up by sediments to a depth of perhaps 
many thousands of feet. When these sediments have been hard- 
ened into rock, through causes little understood, they are usually 
elevated until they become parts of the land, and the work of 
erosion and deposition begins anew. We are only concerned 
here, however, in that stage when the rock has crumbled inta 
soil and has not yet been carried away to the sea. 



N 



St immi Htport Wathinglom Qtotejftda ^Hrvay. 

Tbe jonnwy of the Boil firaaa dw phm g<i«ipB to the •« u 
oinaUy one of rntny etaget. The soil of staep hJHiiilm in car-, 
ried away almoat at fast as formed and deposited in the stnam 
bottoms, where it accnmnlates often to considerable depths. 
Thus we have tnui^Kirted soil in distinction to soil that is 
formed in dtn. 

Frost is the most powerful natural agent in the mechanical 
dlaintegratioD of rocks. Water in passing from tbe liquid to 
the solid state unde^oes a sudden increase in Tolume so that 
loo parts of water are changed into 109 parts of ice. All rocks in 
their natural state are more or less saturated with moisture. 
When this freezes, an expansive force equal to 150 tons to the 
square foot is exited tending to force the rock i^»axt.* Any crevi- 
ces which are filled with water are forced further apart when the 
water freezes so that the whole mass of the rock is fpadnally torn 
asunder. This force is most active on cUfis and steep hill aides 
\ where the blocks fall downward as they are riven ofL Good ex- 
amples of this may he seen in the tahis slopes at the bottom of 
the basaltic clifis bordering the stream valleys of southeastern 
Washington. There the frost, combined with unequal heating 
and cooling, has gradually wedged off and broken up the basalt 
into angular blocks usually of a fairly uniform size. In this par- 
ticular case the cleaving action of frost seems to have stopped 
at a certain point, beyond which further weathering is due to 
chemical forces which cause the blocks to crumble into fine dirt. 

DISINTERGATION OF ROCKS BY CHEMICAL AGENTS. 

Air. — There is no dear line of distinction between the chem- 
ical changes eSected by water and those effected by air. The 
chief constituents of air by weight are nitrogen 75-66 per cent., 
oxygen 23 per cent, and varying small proportions of carbon di- 
oxide and water vapor. The nitrogen is entirely inert. When 
the air is very dry neither the oxygen nor carbon dioxide exer- 
cise any chemical effect upon the rocks, but when moisture is 
present in the air they become active agents of disintegration. 
Among the minerals the feldspars are attacked by the carbon di- 
oxide, and their soda, potash, and lime constituents are carried 
away in solution, leaving a residue of kaolin. Such minerals as 
pyroxene, amphibole, and mica have their iron constituents oxi- 
dized and carried off in solution. 

•G«o. p. MerrUI; Bocka. Book WMUi«rtns and SoUi, p. IN, New York, 1807. 
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A striking example of how different climates affect rocks is 
shown in the rapid decay of the Egyptian obelisks brought to 
Europe and America. During the few years since their removal 
in which they have been exposed to the damp, changeable cli- 
mate of temperate latitudes, they have decayed more than dur- 
ing all the centuries in which they stood in Egypt. The dry, 
equable climate of Egypt affected them hardly at all. 

Water. — Absolutely pure water has very little, if any, solvent 
action upon the minerals composing the rocks, but pure water 
does not exist in nature. Meteoric waters in their passage from 
the clouds to the earth and into the soil take into solution a 
number of acids and other impurities both organic and inorganic. 
Water in this condition is almost a universal solvent. Its action 
upon the rocks from day to day is of course imperceptible, but 
the total effect lasting through years and centuries is very great. 
The chief acids in water which act as solvents are carbonic acid, 
humic, ulmic, and other organic acids which the water takes up 
in its passage through the soil. One of the principal effects of 
water upon the rocks is seen in the oxidation of the iron con- 
stituents of the silicates and their removal by solution, leaving 
the rest of the rock to crumble into dust. The most insoluble 
constituent of the rock-forming minerals is silica or quartz, so 
that it forms by far the largest proportion of the residue after the 
soluble portions of the rock are carried away. The higher the 
temperature the more active are the chemical forces and the more 
rapid is the disintec^ration of the rocks. 

FERTILITY OP SOILS. 

The fertility of soils is dependent upon : ist. Chemical com- 
position ; 2d, Physical condition ; 3d, Climate. 

CHEMICAL COMPOSITION. 

A soil in order to be fertile must contain all the elements 
necessary for plant nutrition in adequate proportions and in solu- 
ble form. Silica forms the great bulk of all soils. In lesser 
amounts are alumina, iron, magnesia, lime, potash, soda, phos- 
phoric acid, sulphuric acid and nitric acid. The three ingredi- 
ents which are essential to plant growth and which are most 
likely to have to be renewed are lime, potash, and phosphoric 
acid. Potash in the form of feldspar and phosphoric acid in the 
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form of apatite are not available for plant nntrition because thqr 
are in an insoluble form. Where there is a large amount of lime 
present smaller proportions of potash and phosphoric add are 
sufficient than where the lime is in lesser quantstiesy so that in 
many soils which contain potash and phosphoric acid in small 
quantities all that is necessary to insure jMarmanent fertility is to 
add lime to the soil, usually in the form of calcium sulphate or 
gypsum. Nitric acid in some form is essential to plant growth. 
Xhe process of nitrification changes the inert nitrc^en of the air 
into a form whereby the plant can assimiliUe it. 

All soil contains humus or vegetal mould in a greater or less 
proportion. Besides its chemical etttctf it performs an impor- 
tant function in keeping the soil loose and porous, and thus fa- 
cilitates the passage of moisture. 

PHYSICAL CONDITION. 

It sometimes happens that a soil rich in all the elements of 
fertility and blessed with a salubrious climate still obstinately 
refuses to yield good crops. This is due to some defect in its 
physical condition whereby it is unable to receive and retain the 
requisite heat and moisture. If the particles composing a soil 
are too coarse the water passes quickly through it, so that in dry 
weather vegetation perishes for lack of moisture. This is con- 
spicuously the case on some of the gravel plains lying to the 
southward of Tacoma and Olympia. On the other hand, if the 
particles composing a soil are too fine it becomes caked and im- 
pervious to moisture. In this condition it is hard to cultivate 
and crops usually do not thrive. 

CLIMATE. 

In a general way it may be said that the warmer the climate 
the more luxuriant the vegetation, providing the moisture is ad- 
equate. Some plants require a hot growing season, but are 
able to stand a severe winter, while others require a more 
equable temperature throughout the year, so that there is no 
very rigid standard of comparison. Probably nowhere on the 
American continent is there a more striking instance of the 
effect of climate upon vegetation than in the state of Washing- 
ton. On the western side of the Cascades the climate is very 
moist and there are no great extremes of heat or cold. The re- 
sult is that we have here the densest vegetation of any place on 
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the continent. East of the Cascades there are far greater ex- 
tremes of temperature and the rainfall is very slight, especially 
in the central part of the state. The scanty vegetation is all of 
the desert type — sage brush, cactus and greasewood. The dif- 
ference in vegetation between these two parts of the state is due 
mostly to the difference in the amount of rainfall, and to a much 
lesser extent to the greater variations of temperature in eastern 
Washington. 

For every average temperature there is doubtless a maximum 
rainfall beyond which any more rain would not increase the veg- 
etation. It is probable that this point of saturation has been 
reached in parts of western Washington, but it is by no means a 
common occurrence in tropical and temperate climates and there 
are probably very few places outside of the high latitudes where 
an increase in rainfall would not be followed by a greater luxur- 
iance of natural vegetation. 

The direct effect of winds upon vegetation is not great. 
Winds, however, affect temperature and rainfall most vitally. 
Using again as an example the difference in climate between 
eastern and western Washington, we find that the equable cli- 
mate of western Washington is due to the warm, moist, prevail- 
ing westerly or southwesterly winds which blow off the Pacific 
ocean. It is well known that a large body of water is not sub- 
ject to such extremes of temperature as a large body of land, so 
that the winds which blow off the ocean are warmer in winter 
and cooler in summer than those which blow off the land. The 
moisture laden breezes of the Pacific pass over western Wash- 
ington and up the slopes of the Cascades and down into eastern 
Washington. By the time the Cascades are passed much of the 
moisture has been precipitated as rain or snow, and the air has 
been greatly cooled by passing over the high altitudes. It is 
therefore dryer and cooler. 

WASHINGTON SOILS. 

SOILS OF WESTERN WASHINGTON. 

The soils of Washington are the result of geological condi- 
tions widely dissimilar in the different sections of the state. All 
of western Washington, except the southwestern part, is a re- 
gion that in comparatively recent geological times, has been 
covered deep with glacial ice. The glaciers which filled the 
8— m 
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along by theae ice atreama waa depottted iqpon the melting of 
the ice, and now forma the great mantle of drift wfaidi neerly 
cmryiribere covera the bed rock of the Paget aonnd beain. The 
eml formed Iqrthe weathering of .thia glacial material ia nanally 
qnite fertile. The aoil of die uplanda in ita Tirgin atate aiq;»porta 
an exceedingly heavy f oreat vegetation, and when Aia ia deeied 
«way very good ferm landa are ther^yy produced* The bottom 
landa when not too awampy are exceedingly fertile, and grow in 
IHrofnaion all Idnda of cropa auitable to a temperate climate. 
Theae aoila, owing to the heavy vegetation whidi they have aup- 
ported in their unreclaimed atate, are very rich in humua or veg- 
etal mould. Hera and diere throughout the i^adated region 
there are are found lake beda, where old lakea have becmne en- 
tirely ailted or filled up. Theaemlwajra have a very fertile eml, 
and yield excellent fturma when weU drained. A lake auch aa 
deacribed once occupied the Snoqualmie valley above the falls, 
including the country about the present towns of North Bend 
and Snoqualmie. 

The larger streams flowing into Puget sound have flood plains 
in their lower courses which contain some of the richest agricul- 
tural lands in the state. The Skagit flats and the White river 
valley belong in this category. The soil is a very fine silt brought 
down from the upper reaches of the river and deposited a thin 
layer at a time, during seasons of extreme high water. Like the 
ancient valley of the Nile the fertility of the soil is annually re- 
newed. The silt which fills the valley of the White river has been 
brought down from the muddy streams flowing from the glaciers 
of Mt. Rainier, and like the product of all volcanic rocks, is ex- 
tremely rich in the essential elements of fertility. 

The giant glaciers that were mentioned above did not extend 
as far south as the Columbia river, so that in southwestern 
Washington there is a large area where the soils of the highlands 
are composed of the residue left by the decomposition of the 
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rocks immediately underlying them. The rocks here are mostly 
sandstones and shales of the Tertiary period, capped in places by 
basalt. The valley soils have been washed down from the high- 
lands and are probably nearly the same in composition but finer 
in texture and richer in vegetal mould. 

The glacial drift of western Washington does not usually ex- 
tend up the Hanks of the Olympic and Cascade mountains above 
an altitude of two thousand feet. Above this the soils are mostly 
residual and comparatively thin and probably will never be of 
any great value for agricultural purposes. 

SOILS OF EASTERN WASHINGTON. 

By reference to the geological map accompanying this report 
it will be seen that one of the chief geological features of eastern 
Washington is the vast lava plain extending from the foot hills 
of the Cascade mountains to the eastern boundary of the state 
and from the Columbia and Spokane rivers on the north south- 
ward to Oregon. The rock is a basalt, very rich in minerals 
containing iron, lime, potash, and phosphoric acid. Every- 
where in this area where the rock has decomposed sufficiently to 
form a soil, and the rainfall is at all adequate or water can be 
procured by irrigation, the land is very fertile and is rapidly 
being brought under cultivation. The soil of the highlands has 
been formed in situ and the solid rock is usually not far below 
the surface. Owing to the fact that the rocks below act as a 
reservoir for moisture and yield it up gradually during the dry 
months of summer a very little rainfall is sufficient. 

Succeeding the period of the lava outflows there came a time 
in its geological history when large lakes were formed within the 
region now under discussion. These were finally drained, and 
most of the sediment which had been deposited in them has been 
carried away by the streams, but in some localities large areas 
still remain. The soil formed by the weathering of these sedi- 
ments is usually of a sandy nature. It occurs in patches all 
along the course of the Yakima river, also in the western part of 
Franklin county and the southern end of Douglas county. This 
region is one of scanty rainfall, so that it has been found neces- 
sary to resort to irrigation in order to raise crops. Wherever 
this has been done the dry and barren sage-brush desert has 
been converted into a garden and made to support a large and 
thriving population. 
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die moisture they farm a crust or scum iy>oa the siirhce of the 
ground. Farmers usually recognize two kinds, black alkali and 
white alkali. Black alkali Is more injurious than white alkali. 
I| is composed mostly of carbonate of soda, and has the power 
of dissolving the humus of the soiL Upon eviyporation the dis- 
solved hnmus leaves a dark ring about the deposit, which gives 
it its distinctive name. White alkali is mostly spdium sulphate 
and is not quite so harmlul to vegetation. Jn the irrigated re- 
gions along the Yakima river« especially in the Kittitas and Yak- 
ima vaUegri^ what to do with the alkali has become a serioua 
problem to the farmer. It is only when the land has been under 
cultivation for a number of seasons and where it receives the 
drainage from land Ijring higher that the effects of the alkali are 
seriously felt. In bulletin 49 of the Experiment Station of the 
Washington Agricultural College and School of Science, Pro- 
fessor W. H. Heileman takes up the subject at length and sug- 
gests a number of remedies. 

Towards the end of the Glacial period the Columbia river^ 
together with the other streams in the northern part of the state, 
was charged with more sediment than it could readily carry, 
with the result that instead of cutting its valley deeper it kept 
filling it up, until the old valley was filled many hundreds of 
feet deep with gravel. After the ice had all gone and normal 
conditions again prevailed, the river carried off to the sea most 
of this sediment, but has left remnants all along its upper 
reaches in the form of gravel terraces, at various elevations 
above the river. Where water can be had for irrigation from 
the lateral streams flowing into the Columbia, these level topped 
terraces are cultivated. Owing to the light pondition of the soil, 
the dryness of the climate, and the high winds which prevail^ 
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the soil is largely windblown. It is exceedingly rich and some 
of the finest fruit farms in the state are in this section. 

Along the lower course of the Wenatche river the rocks are 
sandstones of Eocene age. They form, on decomposition, a 
light soil largely of fine sand which is easily carried about by 
the winds. This, mixed with glacial material brought down by 
the river, has formed a very fertile soil. Whenever water can 
be obtained for irrigation the soil yields abundantly, and up to the 
present time no trouble has been experienced from alkalL The 
general appearance of a soil gives little indication of its fertility. 
One can hardly conceive of any soil more barren and desolate 
than that which is found in many places along the Columbia 
river. It consists almost wholly of drifting sand, in the summer 
time dry as powder, and needing only the slightest pu^ of wind 
to send it whirling, yet when water is turned upon it crops grow 
as if by magic. 

North of the Columbia lava plain, between the Columbia and 
Spokane rivers on the south and the international boundary line 
on the north there is a wide belt known in a general way as the 
Okanogan country. The hills are made up of granites, schists, 
gneisses and other crystalline rocks of ancient origin. The soil, 
as might be expected, differs very materially from that to the 
southward. These ancient rocks are composed very largely of 
complex silicates, such as feldspar, amphibole, pyroxene and 
mica. These are comparatively rich in the elements of fertility, 
so that we usually expect to find soil quite fertile when it is de- 
rived from such rocks. Because of the small amount of rainfall, 
however, nearly all of the farming that is done in this part of the 
state at the present time is on the terraces of the rivers where 
little lateral streams come in in such a manner as to afford water 
for irrigation. The rest of the land is given up to stockraising. 

All along the eastern slope of the Cascade mountains there is 
a wide belt given over chiefly to pasturage. The soil is mostly 
formed by the disintegration of the rocks immediately below and 
is of at least ordinary richness, but above an altitude of about 
two thousand feet farming cannot be carried on successfully. 
Owing to the limited rainfall the timber is not heavy, and in the 
open glades of the forest the pasture is excellent. Large bands 
of cattle, sheep and horses belonging to the farmers of the low- 
lands are pastured here every summer. 
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The following analyses of Washington soils, made by Profes- 
sor Elton Fulmer and Mr, C. C. Fletcher, are taken from Bulletin 
13 of tlie department of chemistry, Washington Agricultural 
College and School of Science. 
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Ko. 1. — Typical eotl of the Palouse couutrjr. tabeo from the college 
(arm, Waahln^rtoQ Agricultural College and School of Science, Pull- 
mau, Wbitroao county. 

Ho. S.— FkriB of J. B. Holt, Wftwalml, Whttanut ooontr, located o& 
tbo IwnlE ot Snaka riTor. 80U U BUMtlr mad. 

No. 8.— Sa^ brush soil from S. W. i aeo. 12 T. 14 N. R. 18 E. near 
North Yakima. 

No. 4.— Glaolal soil from Anaoortea, Skaf it county. 

No. 6.— Typical niarah aoll o! weatem Waahlnffton from near Ana- 
oortea, Skagit county. 

No. &— Granite aoll from garden of A. L. Smith, twelvs mllea norlh- 
eaat ot Spokane. 

Professor Fullmer sums up his conclusions as follows : 

"Barrenneae may be due flrat, to a deflolenoy In lime, potasb aod 
phoaphorio acid ; aeoond, to their not being In an available form, or 
third, to adverse climatic oondltlona 

"Analytical r«sult8 prove that weatern Waahlngton aoila will be 
greatly etrengtbeaed by the application of lime. 

"The average percentage of lime and potaah are higher and plioa- 
phorio add lower in eaatern than in weatern Waahinglon. 

**The lime peroentagea are lower in regions of abundant rainfall 
than in the dryer parts of the atate." 
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ROAD -MAKING MATERIALS. 



GENERAL STA' 



^h€ C fff irtftfc tio n And Cmc of Roftdfc 

In the pioneer stage of development a community is com- 
pelled in its road making to use the material immediately at 
hand whether it be good or bad. For many years to come most 
of our country roads necessarily will have to be made of the ma- 
terials over which they run, especially the cross roads which 
lead off from the main highways of traffic. In the case of the 
larger arteries of commerce, the leading roads which bind to- 
gether our towns and cities, the time is now here when the 
question of proper construction and of proper materials for these 
highways should receive the greatest attention. Road making 
requires skill and training of a special kind, and should there- 
fore be done under the direction of a competent engineer. One 
of the greatest mistakes which is made in the laying out of roads 
is to require that they follow without deviation the section lines. 
The community should be allowed to exercise the nght of eminent 
domain in the location of roads. It is quite as important as in the 
case of railroads. It is a wasteful system to require that the roads 
zigzag around section lines, up hill and down hill, when a compar- 
atively level grade may be easily obtained, usually on a more 
direct route. It is much cheaper for a community to buy up a 
desirable right-of-way than it is to have its traffic for an indefinite 
number of years compelled to make detours and climb steep 
hills simply for the purpose of keeping on section lines. When 
permanent improvements of a road are contemplated it is espe- 
cially important that the best grades and the most direct route 
be found, otherwise the evil is practically placed beyond remedy 
for many years to come. 

The initial cost of good roads is usually high, and their con- 
struction should not be undertaken in a haphazard manner. 
America is far behind Europe in the matter of highway construc- 
tion, but this is a condition of afiairs which it is earnestly hoped 
will speedily be changed. It is said that the roads in the moun- 
tain republic of Switzerland have much more gentle grades than 



those of the prairie states of our own coontfy. The system of 
building and maintaining roads whkh we use now is the same as 
that employed in Europe a century ago, when the roads came to 
be so bad that the various govemgients had to take the matter 
in hand. In England the work of constructing highwajrs was 
placed in the hands of engineers like Macadam and Telf ord, with 
the result that a system of highways was built which has remained 
in excellent condition down to the present day. Methods similar 
to those employed in Europe will have to be used m this country 
before we can bring our highways into the same degree of excel- 
lence. 

One essential thing in road construction is to have the load 
in such shape that it can be kept dry. The sur&ce should be 
able to shed water, and ditches and culverts should be so placed 
that no water will be allowed to accumulate. In country districts 
tte tomi should not be too wide; eigl^ feet is usiyilly wide 
enough. In making a macadam road the mistake is usually amde 
of getting them too wide. After a road is wdl built care should 
be taken to keep it in good repair* Narrow tires on vehiclesnie 
very effective agents in destroying a road. In order to encoucage 
the use of wide tires a numb^ of states have offered a rebate on 
road taxes to all who will use them. It has been proven by a 
series of experiments that except in deep mud wide-tired vehicles 
require less power to pull them than do those with narrow tires. 
On a smooth hard road the advantage is found to be in favor of 
the wide tires. Wide tires act as road makers and narrow tires 
as road destroyers. The wide tires roll the road out smoothly 
and do not cut it into ruts. 

Materials for Road Makins. 

For some years to come many of our roads will doubtless be 
made of common dirt or loam. A dirt road, if properly made 
and kept in good repair, has some advantages over a hard stone 
road in dry weather. It is not so wearing on vehicles or on the 
hoofs of horses. In wet weather a dirt road is the worst of all, 
and should be macadamized as soon as circumstances will per- 
mit. The best rock for this purpose is fine-grained volcanic 
rock, crushed into fragments not more than an inch and a half 
in diameter. This should be spread on the prepared roadbed in 
successive layers, each one rolled with a heavy steam roller 
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before the next layer is spread. The topmost layer should be 
made of the fine dust of the broken rock. It fills up all the in- 
terstices in the layers below and cements the whole mass together. 

In order to make good road material, a rock should possess 
considerable hardness and toughness, combined with the power 
of cementing well when placed in a roadbed. Granite does not 
make a very good macadamizing material because the quartz 
contained in it crumbles under the impact of trafiBc and the 
other minerals scale off and weather quite rapidly. Limestone 
has great cementing power, but because of its softness it does 
not wear as well as some other rocks. Sandstone is quite use- 
less for macadamizing purposes as it crumbles very easily and 
will not cement readily. Among volcanic rocks basalt is prob- 
ably the best, as it is one of the very best rocks used in road 
construction. It is tough, durable, and cements well. 

Glacial till which has not been exposed at the surface so as 
to become weathered makes very good road material. It is a 
mixture of clay, sand and gravel, and cements together readily. 
Sand, when used alone, is extremely poor material to use in the 
construction of a road, because it will not consolidate. Clean, 
rounded gravel is almost as bad. A gravel bank which looks 
brown or red should never be used on a road. Its color shows 
that it has been weathered and has lost the power of cementing 
together when put on a road. If coarse gravel is put through a 
crusher, it will often cement very well on account of the fresh, 
unweathered surfaces exposed. Pure clay is not a good road 
material, but when gravel, sand and clay are mixed together 
they make a firm, waterproof roadway that wears very well. 

ROAIXMAKING MATERIALS OF WASHINGTON. 

Washington possesses a large variety of the best materials 
used in building roads. Not only are these materials of a supe- 
rior order, but they are widespread in occurrence and practi- 
cally limitless in quantity. The lack of good materials for road 
construction can never be urged as an excuse for poor roads in 
Washington. In describing the road-making materials of the 
state it will be possible to mention only a few of the localities 
where these things occur. 

Western Washington. — Within the glaciated area of west- 
ern Washington, which comprises all except the southwest cor- 




^ ner of the state, glacial till occufi artyw h tw. A gf t deal of 
li^e till is good road making materiaL Whan that* i*tha ri^t 
^ proportions of clay, sand and graval with aoDM aeflsaatfng in- 
gredient present it becomes very ctmpBCt la diooalng njata- 
rial of this nature care should bA taksn feo Bta tliat it If not too 
loose and incoherent and that it does not contam too llzge a 
proportion of clay. A bank ^hicli atandt iqiright and iritan 
picked down falls in large massM wtthottt emnjUing ia the beat 
Within the glacial area sand andgiaTelaraTecyabuidant eVMTf- 
wbere. As pointed out before, Oteae alone an BOtTecygood lor 
making roads. However, both tn ezt«oaiT«ty oaad in making 
a foundation for vitrified brick pav«m«Dta itt flw citiaa. Thwa 
is a large sand and gravel plant Opwathig at dM waCec'a edge 
near Steilacoom. The materials an wtidted and aenaoftad by 
means of revolving sieves into variona gradea of fi nan aaa. 

Within the limits of the glacial ngion of waatern Waafaing- 
^Q, there are a number of localitiea ithan Toloanic roeka aoit- 
^^able for macadamizing purposes oop OQt above Om drift. Nanr 
'^•^c Port Orchard dry dock there ia a qoany in baaalt, near As 
ter's edge, where rock for road boilding ia taken ojat It ia 
crushed It tiM qnairy and wnt in acow loada to Seattle, Tacoma, 
and other citiea about the Sound. Another qnaity has been 
opened along the railroad track between South Seattle and 
Black River Junction. The rock here is mottled volcanic rock, 
probably andesite, and is rather too soft to be of very good 
quality for macadamizing. It is now being used in combination 
with other rocks for making concrete pavements in Seattle. 
Along the western side of Hoods Canal there are eictensive out- 
crops of volcanic rock suitable for macadamizing purposes. 
Along the Grays Harbor branch of the Northern Pacific Rail- 
way a hard, compact, durable basalt outcrops at many places 
between Gate City and Aberdeen. It exists in laige quantities, 
IS very accessible, and is a road-maldng material of the very 
best quality. 

At a number of places in western Washington limestone oc- 
curs which may have a large use in the road construction of the 
future. It is for the most part quite accessible and exists in 
ample quaptittes. Granite from Index is used very largely for 
street curbmg in the cities about Puget Sound. 
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Eastern Washington. — In eastern Washington the basalt 
of the great lava plans makes a first class macadamizing mater- 
ial. This is a part of the state which perhaps more than any 
other needs a system of good roads. The best farming sections 
of the state are located within the limits of the lava fields. In 
the Palouse country, about Walla Walla, and within the great 
bend of the Columbia, there is a large and increasing population 
depending upon agriculture. Wheat growing is the principal 
industry. During the summer months the roads are everywhere 
dry and in fairly good condition, but when the fall rains come 
and the farmer is ready to haul his grain to market the roads are 
usually all but impassible. When the lava finally weathers and 
decomposes it forms a finely powdered soil which accumulates to 
great depths in the valleys. When the soil becomes soaked with 
water there is apparently no bottom to the mud thus produced, 
and until it freezes or slowly dries up traffic throughout the rural 
districts is almost at a standstill. 

A large part of the area embraced within the limits of the 
Columbia lava plain in this state is now so thickly populated and 
so prosperous that an extensive system of highway improvement 
should be inaugurated without any further delay. The basalt 
which is to be obtained ever3rwhere makes the very best material, 
so that the construction of good macadamized roads would not 
be expensive. The rock would have to be crushed, spread in 
layers on the prepared road bed and rolled with heavy rollers. 
In this way a system of roads would be built which would be in 
good condition every day in the year. The saving in the expense 
of hauling the produce to market would more than suffice to 
build the roads and keep them in good repair. 

North of the Columbia lava plain and east of the Cascades 
lies a region of ancient metamorphic rocks, granite, gneiss, schist, 
marble and slate with a ramifying system of trap dikes. It is a 
country of rolling hills given over chiefly to stock raising and 
mining. The towns are small and far apart, and not much in 
the way of a systematic improvement of the higways can be ex- 
pected for some time. The trap dikes are pretty well distributed 
through the country rock and will furnish the very best material 
when the time comes to macadamize the roads. The streams all 
have terraces at various elevations above their beds and a great 
many of the roads follow along the tops of the terraces. The 



fimd afiofds a. luHnnil ikminage, m that tbe mtuSm 9M% Wuiy to 
be » a good condition tlicoiiclioiil tbe yeur. In aome oE the man. 
pcomiamg mining districte it is imperative that first claaa loada 
be built in order to hani the ore out and get tbe snppliea in to 
the nuneo. Mining cam|Mi as a rule are from their natnre not as 
permanent as agricultural communities, so that the roads do not 
need to be cl so permanent a nature. 

la the vicmity of Spokane there are wide gravel plains where 
the loads possess a natural drainage so that no grading or side 
ditches are required. These gravels are relics of the i^Uicinl 
period, when the Spokane river was given a bigger load than it 
eonld carry and dropped some of it bjr the wayside. The gravel 
iiskes an excellent foundation for the vitrified tmck psvements 
ttsed in the city. 

In the Yakima valley the underljfing rock is tiandsttwitj beVmg 
tng to the BUensburg f ormationt but there is abundant basalt 
and other volcanic rocks near at hand for macadamising pur* 
poses. Some of the roads in the valley have been fdaced in very 
fair conation, and travel over tiiem is not difficult even in bad 
weather. If the residents of this valley continue to pursae the 
same enlightened policy in a few years they will have a very 
good system of roads. 

In the Kittitas valley the geological conditions are much the 
same as in the Yakima valley. Ridges of basalt surround the 
valley on all sides, so that the rock can easily be quarried out in 
a hundred different places. The sandstones which occur in the 
vicinity of Ellensburg are not good for road-building purposes, 
and certainly should not be used when basalt may be had so 
readily. 
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PETROLEUNL 



GENERAL ST A' 



Gmditiont of Oc ctifim ce> 

Petroleum in small quantities is very widely distributed 
throughout the sedimentary rocks all over the surface of the 
globe, but, like all other economic products of nature, it is valu- 
able only when found in a sufficiently concentrated form. The 
finding of oil in small amounts on the surface or in the rocks of 
any locality is not usually of much importance as indicating the 
presence of commercial quantities. Until a well has been actually 
sunk and large quantities of oil found, there is always a consid- 
erable element of risk no matter how favorable the surface indi- 
cations may be. 

Before going to the expense of drilling it is well to know just 
how much importance can be attached to surface indications. 
The presence of oil as a film on the surface of water does not 
count for much unless it is in large quantities. Seepages may 
or may not be an indication. Professor Edward Orton * says : 
"Along the extensive northern and western outcrops of the 
great Ohio shale through western New York, Ohio, Kentucky 
and Tennessee, oil and gas springs are everywhere found, but the 
supplies are invariably small in quantity, and there are no indi- 
cations of storage on the large scale such as would justify the 
application of the term 'reservoirs' to the formation." Very 
often the seepages merely show that the oil has found a means 
of escape to the surface and that none will be found under pres- 
sure in the rocks. Besides, oil is not the only substance that 
forms an iridescent film on the surface of water ; certain iron 
compounds and organic substances have the same effect Even 
when the seepages of oil are unmistakable, it should be borne in 
mind that the presence of small quantities of petroleum in the 
stratified rocks is the normal condition in nature, and that it is 
only where the conditions are exceptionally favorable that the 
oil is concentrated. 

• Edward Orton: Petroleum and Natural Om. Kentaoky Oeologloal Svryejt IWl. 
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^B No importance whatever can be attached to the topography of 

^M the locality as an indication of oil except where the hills and the 

^M valleys conform to the folds of the rocks. It is not likely that 

^1 in the supposed oil regions of the state there is a conspicuous 

^M connection between the rock structure and the land features, so 

^M that in the absence of surface indications oil is just as likely to 

^B be found by drilling on a hill top as in a valley. Wherever pos- 

^M Bible the (olds of the rocks should be determined from the sur- 

^1 face outcroppings, and the well sunk on an anticline or arch. 

^1 Since oil is hghter than water it rises to the highest part of the 

^M fold and gives place to water below. In the Pennsylvania oil 

^L fields all the successful wells are located on the arches of the 

^^^H folds.* 

^^^^^H Before petroleum can accumulate ia large quantities in one 
^^^^Bplace three conditions are usually considered necessary, ist. 
I There must be a source of the petroleum; that is, there must be 

k strata containing organic matter wherein the chemical processes 
may take place by which vegetal and animal tissue is changed 
into petroleum. 2d. There must be a reservoir of porous rock 
to contain the oil after it is formed. This is usually sandstone 
or conglomerate. In the Ohio and Indiana oil regions the res- 
' ervoir is Trenton limettone. It is only when the limestone has 
become changed into dolomite that it becomes porous enough to 
act as a reservoir. Owing to local conditions in this state sand- 
stone is most likely to act as a reservoir. 3d. There must be 
impervious strata above the oil-bearing beds in order to prevent 
the oil from escaping to the surface. Shale or other close 
grained rock usually occupies this position in the oil r^ions. 
To these three conditions there is usually supplemented a fourth, 
namely, that the rocks must be thrown into folds so that the oil 
can collect in the arches of the folds. 

Ortglii of PttnUvm. 
Petroleum is formed by the decomposition of vegetal and 
animal remains embedded in the sedimentary rocks. Such 
rocks are formed by the accumulation of sediments on the floors 
of seas and lakes. Along with the inorganic sediment carried 
down by the streams there is always a considerable amount of 
organic material carried also. This material, together with the 

*I. C. Wblte; Oeologrot NaCortlQu. Sclenoa, Jane 3B. Itffi. 
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remains of animals and plants which live and die in the sea, is 
gradually covered up by succeeding sediments. Any kind of 
organic matter when exposed to the air quickly decomposes, 
but when it is buried beneath water, and hence is very well pro- 
tected from the air, decomposition goes on with extreme slow- 
ness, so that the resulting chemical products are of a different 
nature from those formed in the air. It is not possible to re- 
produce in the laboratory the conditions under which petroleum 
IS formed ; in this case we connot imitate the processes of na- 
ture. It is believed, however, by all who are recognized author- 
ities on the subject, that oil is formed by the decomposition of 
organic matter contained in the sediments which have been de- 
posited on the sea floor. 

Oil has been found in nearly all the geological horizons from 
Silurian to late Tertiary. The Pennsylvania oil fields are in 
Devonian rocks, the Ohio and Indiana fields are in Silurian. 
The Russian oil fields, on the Caspian sea, are in Tertiary rocks. 
In California, where the conditions most nearly resemble those 
found in our own state, most of the oil is found in rocks of 
Miocene or middle Tertiary age. Tertiary rocks containing pe- 
troleum are known to exist all the way along the Pacific coast 
from South America to Alaska. In the California oil districts 
the rocks are sharply folded ; in some of the wells the strata are 
almost vertical. The oil, too, is heavier than the eastern article 
and has an asphalt base. 

PETROLEUM IN WASHINGTON. 

In considering the probability of obtaining oil in Washington, 
it is not possible to discuss the state as a whole. Its geology is 
so diversified that it will have to be treated in sections. By a 
process of elimination, those portions of the state where the con- 
ditions do not admit of the formation and accumulation of oil 
will be first mentioned and set aside, until the field is narrowed 
to those areas where the conditions are such that oil may exist, 
and which may therefore afford proper prospecting ground. 

Beginning with eastern Washington, the area lying between 
the Cascade mountains on the west and the Idaho boundary on 
the east, and between the Spokane and Columbia rivers on the 
north and Oregon on the south, forms part of the great Columbia 
basalt lava field. In its larger features it is approximately a 



Iwd phttOy hot jg wQgn laoiJ^ inio liilii wmA 6mf cMyoM, fit 
tfie soatbam part of tfae ana tlie lava te aefenl Him^itwi fait 
in rtikinieaa bM gmduaUy tluiia oirt to tibe noftt ma t d wHil it im 
ndt mom than three or four hnndved feel tUdk. En aefeial 
plaoee Snake river haa cot ila caafon down throagh 4a lava 
and osfxyaed the nnderiying fock, which ia gmnlle. Along <ha 
Wadanglon-Idaho boondaiy the lava may4io aeen lyinf dinMlIf 
npon old crjfntafiine rocka. hk aefmal placea in the kvva Md 
nnilar cfjataffine xocka nngrbo aeen riafng dwve the hrva in 
vna lonn ov miia or ounea* awpioe nnne m woranan oonni^ 
laanenniple. On the northern and w tietam aide tto hnm th e m 
mqr alao be aeen ov e rlying cryatattine vocka of vary ft*M4tat 
origin- 
embedded in aedtaMntaiy rocka, aa ia held by nil vAone anHMiw 
itf on the atAject ia tooogmaed, it ia dear thai none noad ho 
looked for in the Mgion jnal deacnbed* AH tfbe ovidenne gaoa 
to nownat provKwa tone ooAflow of the lavn thengMMi oon* 

tmn* Then die lava came m aoooaaanw ovnrflowa and gindnaty 
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one vast level expanse of baaalt. This part of the atate may 
therefore be eliminated from the list of possible oil bearing re- 
gions. 

North of the Columbia lava plain is the region known as the 
Okanogan highlands. It includes practically all of eastern 
Washington north of the Spokane and Columbia rivers. The 
rock is mainly of ancient crystalline type, mostly granite, gneiss, 
and schist, with occasional small areas of sedimentary rocks of 
later times. It is evident at once that it is not worth the while 
to look for oil in the rocks of the Okanogan highlands. 

In the Cascade mountains the rocks have been folded, crushed 
and broken so badly that any oil which they might have held at 
one time has long since escaped. In the oil fields of Pennsyl- 
vania, Ohio and Indiana the evidence seems to show that a mod- 
erate amount of folding in the rocks is necessary for the accumu- 
lation of oil. When the folding and crushing have been carried 
to an extreme point, however, the consolidation or metamorphism 
of the oil bearing rock forces out the oil and it escapes through 
the fissures which are formed. For this reason we would also 
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exclude the Cascade mountains from the list of places where oil 
is at all likely to be found. 

The Olympic mountain region would be excluded for the same 
reason as in the case of the Cascades. This refers, of course, 
only to the higher parts of the mountains which are composed 
exclusively of igneous rocks. In the lower foothills, where sedi- 
mentary strata occur, the conditions are often favorable for oil 
accumulation. 

This process of exclusion leaves as possible oil-bearing terri- 
tory all of western Washington, with the exception of the higher 
parts of the Olympic mountains mentioned above. It will be 
seen by referring to the geological map which accompanies this 
report that with the exception of the San Juan islands, which 
are of Cretaceous age, all of the rocks embraced in the area 
under consideration belong to the Tertiary period. They are, 
therefore, of the same age as the rocks of the California oil 
fields. 

It is probable that during Tertiary times the region now 
forming western Washington was the bed of a shallow sea. The 
Olympic mountains doubtless formed an island in this sea. 
Sand and mud accumulated to great depths on the sea floor, and 
there was buried within these sediments the remains of sea ani- 
imals and plants as well as the vegetal matter brought down to 
the sea by the rivers. By processes known only to nature this 
organic matter may have been turned into petroleum just as it 
has been known to do under similar conditions in the great oil 
regions. After the sediments had accumulated to a depth of 
many thousands of feet and had been changed into solid rock, 
there came a gradual upheaval by which the sea floor was ele- 
vated until it became a part of the land. This elevation was 
accompanied by great lateral pressure which folded the rocks 
and raised the mountains to their present height. Since that 
time the streams have eroded away a great part of these sedi- 
mentary rocks and carried their constituents again into the sea. 

During the Glacial period all but the southwestern part of 
this region was covered with ice several thousand feet thick. 
Buried within the drift material left by the glaciers are beds 
of vegetal matter more or less decomposed. In some instances, 
perhaps from this vegetal matter, a little petroleum may have 
been formed. If such were the case it would account for many 

m 
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of the so called surface indications of petroleum found in tbe 
glacial drift about Pugel sound. Oil formed in glacial drift can 
never occur in large quantities; for this reason it is unwise to 
pay any attention to surface indications found in glacial mate- 
rial. There is usually so much clay present in the drift as to 
preclude any possibility of the oil having seeped from the bed 
rocks lying below, especially when the drift has a thickness va- 
rymg from 500 to 1000 feet, as is the case in western Washing- 
ton. 

The best indications of oil in the state have been found along 
the coast between Grays Harbor and Cape Flattery. As far as 
known, this part of the state has never been carefully studied by 
a geologist, and most of the information concerning it consists 
of the reports brought out by prospectors and others, together 
with the samples of rock which they have brought along with 
them. Some of the specimens of rock are composed very 
largely of marine shells. These are of Tertiary age, probably 
Miocene. The rocks are mostly light colored sandstone and arc 
considerably folded in places. They lie against the western flanks 
of the Olympic mountains which, from various reports, seem to 
be composed in large part of rocks of much more ancient origin. 
It is said that over wide areas the sandstone, when broken with 
a hammer, gives out a strong odor of oil. Clay beds strongly 
impregnated with petroleum are also to be found along the coast 
for many miles. 

At least three wells are now being drilled in this part of the 
state. [March, 1902]. A company known as the Olympic Oil 
Company is drilling a well near Copalis Point, Cbehalis county. 
They are said to be down a distance of between eight and nine 
hundred feet and to have good indications of oil. Another com- 
pany, the Eldorado, is also drilling on Copalis river about two 
miles from the Olympic company's well. On the authority of 
Mr. George Wilkening, the president of the company, they are 
now down a distance of one hundred feet and are sinking as 
rapidly as circumstances will permit. Farther north along the 
coast the Lapush Oil Company is drilling a well near the little 
Indian village of Lapush, at the mouth of the Solduck river, in 
Clallam county. The rock where they are drilling is a light 
colored sandstone lying upon conglomerate and dipping north- 
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east at an angle of about forty-five degrees. Good surface 
indications are said to be found in this neighborhood. 

The work of drilling along this part of the coast is a slow 
process on account of the difficulty and delay in obtaining suit- 
able tools. All drilling tools have to be obtained from San 
Francisco, and vexatious delays have been the rule. 

Between Tenino and Grand Mound, in Thurston county, the 
Puget Sound Petroleum Company have reached a depth of 
about a thousand feet, and are still continuing operations. The 
Pacific Oil Wells Company of Tacoma sunk a well at Tacoma 
and another at Des Moines, King county, but finally abandoned 
both. They are now drilling a third well at Happy Valley, near 
Fairhaven, Whatcom county. They are now down a distance 
of one thousand feet and still drilling. They claim to have 
passed through three layers of oil-bearing sand and at the depth 
of about nine hundred feet to have pumped up a small quantity 
of oil. For the first one hundred feet the drill passed through 
glacial drift, but since that the formation has been mostly sand- 
stone and shale. A company known as the Seattle and King 
County Oil Company are drilling a well near South Park on the 
western side of the Duwamish valley. They have been hindered 
by a number of accidents and delays, but are still sinking and at 
last reports had attained a depth of seven hundred feet without 
having found as yet any indications of oil. 

This completes the list of companies which are carrying on 
active operations in the state, as far as known. A well was 
sunk near Stanwogd station, Snohomish county, about ten years 
Ago, by Mr. John £. McManus. A depth of about nine hun- 
dred feet was attained, but owing to difficulties of drilling it was 
finally abandoned. Other wells have no doubt been sunk at 
different places, but the data regarding them is not at hand. 
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In the Iron Ores of Washington, by S. Shedd, the subject 
is treated more exhaustively than is the case with any other part 
of this report. A description is given of all the known occur- 
rences of iron in the state, together with complete analyses and 
comparisons with ores found elsewhere. In the field work nec- 
essary to the preparation of the article on iron ores, two seasons 
were occupied by Professor Shedd and his assistants. The field 
work was all done prior to the inauguration of the State Geologi- 
cal Survey, and the entire expense of it was borne by the State 
Agricultural College and School of Science. 

The article on the Coal Deposits of Washington, by Henry 
Landes, is a brief description of the coal fields and coal mines of 
the state. While the general geology of the subject is touched 
upon, along with the extent of the coal areas, etc., the commer- 
cial phase of the subject receives the most emphasis. At the 
present time coal constitutes by far the most important mineral 
resource of the state, and the treatment accorded it in this report 
is regarded as wholly inadequate. The present article is but a 
temporary treatment which it is planned to replace by a thorough 
and extended one a little later. 
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BY S. SHEDD. 



Note. — The work of preparing this report on the iron ores of Wash- 
ington was hegun in the summer of 1899, under the direction of the 
Board of Regents and the president of the Washington Agricultural 
Ck>llege and School of Science, and the entire expense, for the work, has 
been defrayed by the Ck)llege. The summer of 1899 and a part of the 
summer of 1900 was spent in the field visiting the different localities, 
collecting samples, and studying the different deposits. The analyses 
of the Washington ores given herein, with the exception of those taken 
from a manuscript report by H. H. Stretch, £. M., and one from Willis 
and Smith's paper on the Clealum district, were made by myself or by the 
chemists of the department of chemistry in the Washington Agricul- 
tural Ck)llege and School of Science. 

While I take sincere pleasure in acknowledging the kind and ready 
assistance rendered me by those upon whom I had occasion to call for 
help or information of any kind, I am especially under obligations to 
Messrs. Thomas Cooper, J. J. Ck)nner, Chas. Denny, and H. L. Blan- 
chard for the interest shown and the help given, and I desire to express 
to them, especially, my most hearty thanks and appreciation of their 
kindness. 

DISTRIBUTION AND COMBINATIONS IN WHICH IRON OCCURS. 

GENERAL STATEMENT. 

Iron is one of the most widely distributed of all the different 
minerals. It seldom occurs in the native state, but is combined 
with different elements, oxygen being the most common one, 
and in this form it is a very important factor in giving the color 
to the various rocks and soils. It combines with sulphur to 
form sulphides and is then known as iron pyrites and in this 
form it is very important, not for the manufacture of iron, but 
from the fact that it frequently carries more or less of the 
precious metals, such as gold and silver. Iron.is also found in 
co^' "Ration with other elements, such as phosphorus, silica, 
titaotfUm, arsenic, etc. 



2 Annual Report Wa$hingUm Geological Swmoy. 

«. 

THS ORTO OF mON. 

While iron occurs in combination with many different ele- 
ments, there are only a few forms that are used in the manufac- 
ture of iron. The valuable ores commercially are the magpn^tes, 
the hematitesy the limonileSy and the carbonates. 

Magnetite is an anhydrous oxide of iron and when perfectly 
pure has the following per cent, of iron and of oxygen : Magnet- 
ite ( Fe^O^ ) metallic iron, 72.4 per cent, oxygen, 27.6 pfr cent. 

While theoretically magnetite should contain 72.4 p^ cent, 
of iron, practically very little of it does contain so high a per 
cent on account of the impurities that occur with it The com- 
mon impurities are such minerals as* quarts fddspar and hom-« 
blende. Magnetites alwajrs give a Uack streak and differ in tius 
resi>ect from the hematites which have a red or brown streak. 
The magnetites also have the property of magnetism; that ss» 
they are attracted by a magnet. 

Of the different varieties of iron ores mined in 1899, only 
1,727,430 long tons, or 7 per cent, was magnetite.* 

Hematite is an anhydrous oxide of iron having, wh^i pure, 
the following composition: Hematite (FetOa), oxygen 30 per 
cent, iron 70 per cent 

This is the most important ore of iron and is the most widely 
distributed of any of them, being disseminated in greater or 
lesser amounts in the soils and nearly all rocks ; in fact most 
soils and rocks owe their color to iron. It is not confined to 
rocks of any particular geological age or to rocks of any partic- 
ular kind. There are several different varieties of hematite, 
such as specular iron, red ochres and clay iron stone, but all of 
these varieties when pulverized give the characteristic red pow- 
der which distinguishes them from the other oxides of iron. 

^*The specular variety is mostly confined to crystalline or metamor- 
phic rocks, but is also a result of igneous action about some volcanoes, 
as at Vesuvius. Many of the geological formations contain the argilla- 
ceous variety of clay iron stone, which is mostly a marsh formation, or 
a deposit over the bottom of shallow, stagnant water ; but this kind of 
clay iron stone, that giving a red powder, is less common than the cor- 
responding variety of Umonite." (Dana, Edward S.: Text Book of Min- 
eralogy, p. 335.) 

In 1899 there was mined in the United States 20,004,399 

*2l8t Ann. Bep. U. S. GeoL Survey, Part VI, Mln. Res., p. 88. 
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long toils of red hematite, which is 8i per cent, of all the iron 
ore mined in the United States that year.* 

Limonite, or brown hematite, is a hydrous oxide of iron hav- 
ing the following composition : Limonite (2 FctOa, 3 HtO) oxy- 
gen 25.7 per cent, iron 59.8 per cent, water 14.5 per cent. 

This ore is a secondary product, in all cases, and is derived 
from the alteration of other ores, minerals or rocks containing 
more or less iron. The variety known as bog ore is the most 
widely distributed, occurring in many places in the United 
States. It has been formed in marshy places and has been car- 
ried in solution, by streams, into these places. 

This ore is very apt to contain more impurities, such as 
silica, clay, phosphates, oxides of magnesium and other sub- 
stances of this nature than magnetite or hematite. Limonite is 
distinguished from the other oxides of iron by its brown color 
when finely powdered. 

The brown hematites, in 1899, amounted to 2,S6g,jSi long 
tons, or XI.6 per cent, of all the iron ores mined in the United 
States for that year.f 

Siderite, or spathic iron, is the protocarbonate of iron and has 
the following composition: Siderite (Fe COt) carbon dioxide 
37.9, iron protoxide 62.1, metallic iron 48.2 per cent. 

The spathic ores are the lowest in iron of all and are least 
important, as shown by statistics of production for 1899, there 
being only 81,559 long tons mined or .33 per cent, of the iron ore 
produced during that year.^ 

The following table> taken from the Twenty-first Annual 
Report of the United States Geological Survey, Part VI, Mineral 
Resources, page 35, gives the amount of the different classes of 
iron ores mined in the United States for eleven years from 1889 
to 1899, inclusive, with the per cent, of each class for the eleven 
years and also for the last year 1899. This table is given here 
for comparison and shows that the most important iron ore has 
not been found in Washington in anything but small quantities 
up to the present time. 

« 2l8t Ann. Rep. U. S. GeoL Survey, Part VI, Mia. Res., k>. tt. 
1 2l8t Ann. Rep. U. S. Qeol. Survey, Part VI, Min. Res., p. 88. 
1 2l8t Ann. Rep. U. S. QeoL Survey, Part VI, Mln. Res., p 88. 
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THE RELATIVE VALTTES OF IRON ORES. 

The value of ui iroD ore does not depend eatirely apaa the 

of iron it contains, but upon the other substaaces, and 

amounts of them, found with it. The most common injoriotu 

substances are phosphorus and salphoi. There are, however, a 

number of other substances that occur as imparities, such as 



however, on hardly be consideTed as mjarioos sofastances in the 
sense of in joiing the pig iron, bat latber as lowering the per cent. 
of iron. They also detennine the fluxes needed. Solpfanr aad 
phosphorus, however, act in an entirely diflermt way, and even 
a small amonnt of either of these injures the ore for a Bessemex' 
pig iron. 

Again its location is an important factor in determining tbe 
valne al an iron ore, so that an ore may be quite high in the per 
cent, ol iron it contains and still not be of any valne, amply 
becanse it would cost K)0 mnch to gd it to market. Then again 
the nearness of fuels and fluxes come in to regnlata its valae. 
Take lor instance Pmnsj^vania, which ranks first in the product 
of pig iron, pnxlncinf; in 1S99, 6,558,878 long tons, or about one 
half of the entire product of the United States for that year, bat 
which ranks &fth in the production of iron ace. This comes 
from the imct that, while Pennsylvania does not have as large 
deposits of iron ore as some of the other states, she does have 
very eztmsive beds of good coal, and it has been found che^»ei. 
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as a general thing to ship the ore to the fuel than to ship the 
fuel to the ore. 

THE HISTORY OF IRON RHNING AND MANUFACTURE IN 

WASHINGTON. 

The first furnace for the manufacture of pig iron in Wash- 
ington began operation in the fall of 1880. This furnace was 
located at Irondale on Port Townsend bay about four miles 
south of the city of Port Townsend. The furnace had a daily 
capacity of ten tons and was a hot blast charcoal furnace. After 
being operated six months this furnace was found to be unsatis- 
factory, abandonded, torn down and a furnace with a capacity of 
fifty tons daily was constructed in its stead. On account of the 
very refractory nature of the ore being used this new furnace did 
not meet expectations, and after being operated for several 
months was reconstructed and then operated very successfully, 
as far as the grade of pig iron produced was concerned, about 
six months each year until 1891, when the furnace was closed 
down permanently. 

The Irondale plant was first built for the purpose of using a 
deposit of limonite or bog ore which occurred south of there in 
the Chimacum valley, but the iron produced was found to be of 
a rather poor quality and the deposit proved to be very limited 
in quantity, so a magnetite found on Texada island, a British 
island situated in the Straits of Georgia, about one hundred and 
twenty-five miles northwest of Port Townsend, was mixed with 
the bog ore. It was found that a mixture of these two ores pro- 
duced a very high grade of pig iron, but owing to the fact that 
there was an import duty of seventy-five cents a ton on the Tex- 
ada ore, and charcoal being expensive, on account of having 
nothing but soft wood from which to make it, coke twelve dol- 
lars a ton, labor high, and the price of iron low, it was found to 
be a losing proposition, and it is claimed that every day the 
furnace was operated it was at a loss, and hence in 1891 it was 
closed down and had been allowed to go to decay until March, 
1901, when Pennsylvania capital became interested in the mat- 
ter and what is known as the Pacific Steel Company was formed 
and obtained control of the old Irondale plant for a considera- 
tion of $45,000. This new company immediately began the 
work of putting the plant in first class condition again and have 



Mpeadad nboBt $ioQ,ooo <m tb« property. Ptoembar is, i9M. 
the plsnt ^rfts Kgais put is operadoo. 

The new plaot has a atack 60 feet high, la feet in the bosh, 
6 feet on the crucible, and a capadty of aboot §0 tool a day. 

The power to drive the maebioerf for hoiitiitg and cnuhinf^ the 
ore will be furniabed by a battery of four ateam boilan, vhile 
large blowing engines will fnroiah the blast for tha funiac& 

At the preseiA time ores ttom Tezada iilaod and from Ham> 
ilton, Skagit county, are being oaad. These two grades of on 
are mixed in the propottioo of 700 tons of Texada ore to 5a toaa 
of Hamilton ore or about 93 per cent. Tesada and 7 per oenC. 
Hamilton. The principal flnx OMd ia limestone from the Koch* 
Harbor lime wotks. The following ana^rsis ibowa the eoaipo> 
sition of this liauotone: Calcium carbooMa, 98.33 per cent.; 
iron and alumina, 1.13 pw cent.; rilica, .44 percent.] idK)Bphor> 
ous, . 1 1 per cent In addition to tha limeat«ie a small aaaonnt 
of sand is used. 

A little coke from Cohedale has been used, bat the prindpal 
fuel is charcoal, and this is produced by the coii^any*s own 
charcoal i^ant 00 the premiaea. Iliere are, for the boming of 
this charcoal, twenty Idlaa each 30 feet high and 30 feet ia diam> 
eter at the base and hoUing 75 cords of wood each. 

These twenty kilos will burn 180 cords of wood a day and 
have a tot^ capacity of 180,000 bushels of charcoal per month. 
A sawmill and splitting-mocfaiae have been installed, so that the 
company now buys the 1<^8 and makes its own cordwood at the 
works. Machinery is being installed also for conveying auto- 
matically the wood to the kilns. 

The ores from Texada island and from Hamilton are loaded 
on scows, transported to the plant and dumped into the bunkers. 
From the bunkers the Texada ore is hauled in small cars into 
the yard, where it is arranged in large heaps and roasted to get 
rid of sulphur and also to make it more easy to reduce in the 
<nrnace. Castings are made three times a day ; that is, every 
eight hours. The pig iron at present is sold to the various 
foundries around Puget sound, Oregon and British Columbia. 
Tike company, however, expects in the near future to ship to 
San Francisco. 

The old plant when in full operation employed altogether, in 
the mines, cutting wood and burning charcoal, and at the fur- 
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nace, about 250 men. The new plant will employ directly and 
indirectly about 300 men. 

There are a number of places in the state where copsiderable 
development work has been done, but the bog ores at Irondale 
are the only ones from which iron has been produced. From 
1889 to 1892, inclusive, development work was quite vigorously 
pushed in the Clealum district in Kittitas county by a Scotch 
company who were contemplating the building of an extensive 
plant at Kirkland, on the shore of Lake Washington, but for 
some unknown reason work was stopped in 1892, and nothing 
has been done since. 

In 1881 Mr. F. M. Guye discovered and located iron mines 
in the Cascade mountains, one and one-half miles northwest of 
Snoqualmie pass on the south fork of the Snoqualmie river. 
Soon after this he also found another deposit about six miles 
northeast of North Bend, the present terminus of the Snoqual- 
mie branch of the Seattle & International Railroad. 

Other properties have been located in the Snoqualmie pass 
district and some development work done, but at the present 
time (1901) nothing is being done toward developing any of 
these properties. 

About 1881 iron ore was discovered by Mr. J. J. Conner, in 
Skagit county, near Hamilton on the Skagit river. Since that 
time these same deposits have been traced, and locations made, 
for several miles along the south bank of the Skagit river above 
Hamilton, and the ores occurring near Marble Mount are prob- 
ably a continuation of these same Hamilton ores. Considerable 
development work has been done on some of the properties in 
this district, but no very great depth has been reached. 

In 1 88 1 two tons of the iron ore from the Hamilton district 
were sent to Tacoma and tests were made at the smelter there, 
and a company formed to build a plant at that place. In 1887 
twenty tons were tested at Irondale. This ore was sent by J. J. 
Conner, of Hamilton. 

About eleven miles northwest of Hoodsport in Mason county, 
a number of iron mines have been located and some develop- 
ment work done. 

In Stevens coimty iron ores occur near Colville and Valley, 
each of which is on the Spokane Falls & Northern Railroad. At 
one time the deposits near Valley were being worked and the ore 



shipped to Tacoma to be used as a flux in the smelter located 
there. 

THE DISTRIBUTION OF IRON ORES IN WASHINGTON. 

Iron ore occurs in many places in the state of Washington, 
but only in a few places is there any prospect of the known de- 
posits ever being utilized for the manufacture of iron. There 
may, however, be many mines located in the future that we 
know nothing about at present, as there is a large part of the 
state that has not been very thoroughly prospected as yet, aad 
for that reason we do not know what we may have in the way of 
iron ore. 

The principal known deposits are in the following counties ; 
Skagit, King, Kittitas, Stevens, and Mason. 

Bog ores are found in a number of places in the following 
counties ; Whatcom, Clallam, Spokane, Whitman, Thurston, 
and Jefierson. 
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THE CHARACTER AND COMBSEROAL VALUE OF THE 

IRON ORES OF WASHINGTON. 

VARIETIES OP ORES. 

The iron ores of Washington are magnetites, hematites, 
limonites, or hydrous sesquioxide of iron, known commercially 
as brown hematite, and mixtures of hematite and magnetite. 
The Snoqualmie pass ores are the only true magnetites while the 
Clealum, Hamilton and a part of the Stevens county ores are 
mixtures of magnetite and hematite. The Jefferson county ores, 
and part of the Stevens county ores, are limonites or bog ores. 
In several other places in the state the bog ores have been found 
in small quantities but they are of no commercial importance. 
The iron ore in Mason county is quite largely a hematite but 
most of it is of very little commercial value. In the Clealum 
district there is some quite strong lodestone ore. 

COMMERCIAL VALUES. 

One of the most important questions in connection with the 
commercial value of an iron ore is whether or not it is suited for 
the manufacture of Bessemer steel. This point is determined 
quite largely by the amount of phosphorus the ore contains, and 
the extreme limit has been placed at .05 per cent, for an ore 
that contains 50 per cent, of iron. While it is true that perhaps 
the question of the amount of phosphorus is one of the most 
important ones, it is necessary, of course, that the ore should 
have iron enough to make it profitable to work it and that the 
amount of silica, sulphur, and other impurities must be small 
enough so as not to injure it. The amount, however, of sulphur 
or silica allowable in a Bessemer ore is considerable more than 
that of phosphorus. It will be found by examination of the 
table, given on a following page, of analyses of ores from some 
of the different mines in the United States and Cuba that most 
of the ores are non-Bessemer ores. These ores, however, are 
used for making the commoner grades of iron but would not 
bring so high a price in the market as the Bessemer ores. 

The accompanying table of analyses of Washington iron ores 
shows that they range in phosphorus from nothing to 1.09 per 
cent As far as the per cent, of phosphorus is concerned a 
few of them, as far as other impurities also are concerned, would 

2— IV 
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be classed as Bessemer ores, but the larger part would be non- 
Bessemer. In some cases where the silica is within the 
Bessemer limit there is quite a large amount of alumina and that 
in connection with the silica would probably exclude those ores 
from the Bessemer class. Some of the ores contain a high per 
cent, of manganese and quite a number of them have from 7 
per cent, to 14.28 per cent., while in one instance as high as 42- 5S 
per cent, was obtained so that some of these might be valuable 
for the manganese they contain, provided they occur in anything 
like large bodies. 

As regards their per cent, of iron the Washington ores range 
from 28.48 to 68.54 P^' c^n'- '° taking the samples for anlyses 
the intention was to get average samples, but as on all the proper- 
ties, with one or two exceptions, very little work has been done, it 
was a difficult matter to sample systematically and I presume 
the analyses show the per cent, of iron to be a little above the 
average of the whole deposits. The analyses show that with 
the exception of a few samples from one particular locality, and 
which were known to be of no value as iron ores before the 
analyses were made, that very few of the ores have less than 35 
per cent, of iron and quite a good many of them have from 40 to 
60 per cent. 

In their contents of silica the Washington ores have as wide 
a range as they have in their contents of iron. The table of 
analyses shows the silica to range from a little less than 2 to a 
little less than 33 per cent. The amount of silica allowable in an 
iron ore is determined somewhat, of course, by the amount of iron 
the ore contains but in a general way 15 per cent, is given as 
about the limit. The analyses show that quite a good many of 
the Washington ores contain less than i5percent. of silica while 
there are a number of them that contain more than 15 per cent, 
of silica. A mixture of these two grades might be made in such 
proportions as to keep the silica below the limit and in this way 
considerable at least of the ore high in silica might be used. 

In their contents of sulphur the Washington ores range from 
nothing to .42 per cent., which is really quite low and in fact 
much lower than that of many other ores that find a ready market. 

As shown by the analyses a number of the Washington ores 
contain a large per cent of alumina ranging from practically 
none to as high as 14.33 per cent. This large amount of 
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alumina in an iron ore is very uncommon and so much of it would 
be injurious to the ore. 

SUMMARY. 

The above facts show the iron ores of Washington, as far as 
their commercial value is concemed, to be principally non- 
Bessemer, but a few of them are Bessemer in qualitity. In iron 
they vary from 28.48 to 68.54 P^^ cent.; in silica they vary from 
2 to 33 per cent; in alumina some of them run as high as 14.23 
per cent.; in sulphur they are usually low; a few of them contain 
considerable manganese. The alumina and silica would have 
about the same effect or require about the same treatment, and 
taking the two together in some of the ores the per cent, would 
be very high. 

The following table, taken from Vol. x of the Annual Report 
of the Arkansas Geological Survey for 1892, p. 15, comprising a 
number of analyses of iron ores from well know mines in the 
United States and Cuba, is given for comparison with the 
analyses of Washington ores: 
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THE mON MINING FOSSBBSnES OF WASHINGTON. 

Coa^itioat Nummary ha Profitable Iron Mining. 

As already stated, the value of an iron ore deposit depends 

not alone upon the quantity and quality of the ore, but also 

apoa its position as regards fuel, fluxes, transportation and 

markets, as well as facilities for mining. 

Coodhlont in SkAgll County. 
In Skagit county along the south bank of the Skagit river, 
from Hamilton to Marble Mount, occur deposits of iron ore 
which are very favorably situated as far as fuel, fluxes and trans- 
portation are concerned. The Seattle & Northern Railroad is 
built as far as Hamilton and could easily be extended if it were 

rr ore bodies in this district, 
ranging in thickness from 6 to 50 feet, and dipping to the south 
and a little to the west at an angle of 55 degrees. 

The conditions for mining in this district are very favorable, 
as a large body of the ore occurs high up the mountain some J 
distance above the river, so that a tunnel could be put in from 
down near the river and a la^e body of the oie mined at a min- 
imnm expense. 

Just above the iron ore occurs coal 'which is said to be of 
coking quality and in large quantities, but at present (1901) 
nothing is being done to develop these deposits. About is 
miles west of Hamilton, at Cokedale, deposits of good cokiag 
coal occur and the coke from here could be used in connection 
with the Hamilton ores should it be found on further investiga- 
tion that the Hamilton coals are not coking coals. 

Limestone suitable for fiuxes are found in close proximity to 
the iron ores of this locality, and a few miles east of Hamilton 
large quantities of limestone occur. 

Coo fltti OQi in KKtilu County* 
The iron deposits of Kittitas county are situated about twenty 
miles north and a little west of Clealum on the Clealum river, a 
tributary of the Yakima river, in the eastern spurs of the Cas- 
cade range. This district is reached by wagon road from 
Roslyn, the present terminus of a short branch of the Northern 
Pacific Railroad, up the valley and canyon of the Clealum river. 
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As given by the U. S. Geological Survey, Roslyn has an eleva- 
tion of 2,273 ^^^^ above sea level, and the Clealum valley, where 
the iron ores occur, has an elevation of 2,800 to 3,000 feet above 
sea level. For about 17 miles of this distance from Roslyn, or to 
the Salmon Lasac river, the valley has an average grade of about 
20 feet to the mile, but for the rest of the distance above there, 
to where the iron occurs, the grade is much steeper and the 
canyon narrower. On the west side of the valley, opposite the 
iron-ore deposits, the mountains rise very abruptly to an alti- 
tude of about 6,670 feet above the sea, or 3,670 to 3,870 feet 
above the valley; on the east the slope is much more gradual. 

Gooditioifit in Kjn([ Gocnity* 

In King county magnetite occurs in the Cascade mountains 
at a distance of about two and one-half or three miles north and 
a little west of Snoqualmie pass. These ores are about twenty- 
eight miles from North Bend, and about fourteen miles from 
Martin, a station on the main line of the Northern Pacific Rail- 
road, on the east side of the summit of the Cascade mountains. 
The state wagon road from North Bend through Snoqualmie 
pass passes within about two and one-half miles of these de- 
posits, and the Seattle & International Railroad has been located 
through this pass, but at present is built only as far as North 
Bend. 

The ore in this district is not difficult of access, but it would 
have to be shipped by rail to some point where fuel is conveni- 
ent, as there is no coal in that locality. 

Condttiofis in Stevens County* 

In Stevens county iron-ore deposits occur in two or three 
localities, which have been worked and the ore shipped to the 
Tacoma smelter and used as a flux, but they have not been used 
for the production of iron. 

Twenty miles north and a little east of Colville, on the head 
waters of Clugston creek are a number of mines which have 
been located as iron properties, and considerable work has been 
done in developing one of these locations, and a wagon road has 
been built to the property. 

Eleven miles west and a little south of Valley, a station on 
the Spokane Falls & Northern Railway, is situated another body 
of iron ore and some mining has been done here. This district is 
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reached by a trail, which leaves the United States Marble Com- 
paay's wagon road about two miles from their quarry. 

About two miles east of Valley are some more iron deposits, 
and these are very easy of access. These deposits were worked 
for several years on a small scale and the ore was brought by 
teams to Valley and shipped to Tacoma and used as a flui, but 
at present nothing is being done with these deposits. 

The iron ores of Stevens county are all easy of accesB and 
the localities in which the iron occurs are well supplied with 
material for fluxes but lack fuel, hence the ore would probably 
have to be transported to some other locality in order to utilize it. 



I Muoo Cotmty. 

About eleven miles northwest of Hoodsport, in Mason county, 
are deposits on which a number of locations have been made for 
iron. Hoodsport is a small town situated near the southern end 
of Hood's canal, and from this point to the iron deposits there 
is a good wagon road and a railway could easily be built if there 
was a demand for it. These deposits are about four miles above 
the upper end of Lake Cushman, on Boulder creek, about two 
hundred yards above where it empties into the Skokomish river. 
The eoutttry sroand Lake Ctwhenn m very rooi^ and mtrnt- 
tUDous. The mountain in which the iron ore occurs reaches an 
altitude of about five thousand feet above sea level and is quite 
steep. The ore in this district, if ever used, would have to be 
shipped to some other locality, as there is neither fuel nor fluxes 
to be found in connection with these deposits. 
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The above analyses were made from what are thought to be 
fair samples of the deposits being prospected in this locality for 
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iroD. The analyses show that so far as iron is concerned the 
deposits have no value whatever. Number one and number 
three have considerable manganese and if they should be found 
in large qtlantities might be valuable on that account. 

BLACK HILLS. 
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The above analyses are from samples of Soat found lo the 
Black hills and no ledges have been found as yet. Number 
eight has a fair per cent, of iron, but it also carries considerable 
titanium, and this would tend to injure it for the manufacture of 
iron. The samples were given me by parties in Olympia, and I 
know nothing about the conditions under which they were found. 
Numbers eight and nine looked as if they were nodules of con- 
solidated black sand. 

HAMILTON DISTRICT. 
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THE LOCATION AND MODE OF OCCURRENCE OF THE ORE. 

The iron ore deposits in the Hamilton district occur on the 
south side of the Skagit river at Hamilton, in the western spurs 
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the trend there has not been viork enough done to tell definitely 
just what the relations of the different outcrops are to each other, 
but I am inclined to think they are lenses rather than veins and 
probably not continuous between the outcrops. The ore bodies 
vary in thickness from a few feet to 30 feet. From Hamilton to 
Birdsview, a distance of six miles, the iron ores appear at inter- 
vals on the south side of the Skagit river in five lines, one above 
the other, while at Marblemount only two lines of outcrops have 
been found so far. These outcrops trend approximately east and 
west and have a dip to the southwest of about 55 degrees. 

CHARACTER AND COMPOSITION OF THE HAMILTON ORES. 

The Hamilton ores are dark colored, massive appearing ores, 
having a medium specific gravity, for an iron ore, and when 
powdered some of them have somewhat of a reddish appearance, 
while others have a very dark, almost black appearance. The 
ores are all more or less magnetic. The reddish cast to the 
powder, however, shows that they contain some hematite. In 
places, as for instance in the tunnel on the Inaugural claim, the 
iron is found to be intimately mixed with a very white granular 
quartz, but most of the ore in the district seems to be free from 
this. 

The following analysis, by R. W. Thatcher, shows the com- 
position of the iron ore from the tunnel on the Inaugural mine, 
Hamilton district, Skagit county : 

PereetU, 

Iron 48.80 

SUloa. 19.96 

Phosphorus 11 

Sulphur 

AlumlDS (AljOs) 8.80 

Manganese ( Mn 8O4) U.80 

Caloium(CaOOs) 8.« 

A tunnel has been driven into the side of the mountain a dis- 
tance of approximately 50 feet, to tap the iron ore on the Inaug- 
ural mine, and the sample from which the above analysis was 
made was taken from the face of that tunnel. In this tunnel, in 
places, the iron is intimately mixed with a very fine, white, 
granular quartz, such as was not found in any other place. The 
analysis shows the ore to be a little low in iron, somewhat high 
in silica, and quite a good per cent, of manganese, in fact 
enough to make a fair grade of spiegeleisen. 
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The following aoalysis, by R. W. Thatcher, shows the com- 
position of the ore from the Hamtltoo mine : 
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Snlphor -- « 

AliimlBB<AliOi) T.» 

tSmofcaoeaa (Ka,Ot) 11.34 

Ciltlam (CaCOi) S.8S 

This is an average sample from this mine and is thought to 
show fairly well the character of the ore taken as a whole. The 
analysis shows the ore to be low in iron, very high in silica and 
phosphorus, with some alumina and quite a high per cent, of 
manganese. The ore, however, taken by itself, would not be a 
very valuable one from which to manufacture iron. 

The following analysis, by R. W. Thatcher, shows the com- 
position of the ore from the Hamilton mine, near the middle of 
the vein : 

Ptrcml. 

Iron U.n 

SlUok - 30.14 

!PboaiiIioniB. Tnce 

Salphnr 

Alumina (Alid) 7.« 

3ISEigBnese (MqiO^ ) 11.04 

OaltfBB (ObOOi). ff.n 

The ore in the Hamilton mine is of two grades, that in the 
central part of the ore body being a little better ore than that 
near the outer part. In the particular places where the open- 
ings have been made, there is about i8 inches of this better 
grade of ore. The above analysis shows the ore to be low in 
iron, high in silica and manganese, with considerable alumina 
and calcium. The amount of mai^ganese in this ore would, per- 
haps, make it of value for producing spiegeleisen. 

The following analysis, by R. W. Thatcher, shows the com- 
position of the ore from the surface of the Inaugural mine. : 

uoD a.tt 

suiok n.n 

PlioeptioniB U 

Bnlpbor . . 



iXAliOi) " O.TB 

lUnguwse (Mn,04) 1«M 

Cmldnm (CaCOi) 8.83 

The ore from which the above analysis was made came from 
the surface and shows the fact that the ore, in this particular de- 
posit at least, has increased in iron with depth while it has de- 
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creased in silica, alumina^ manganese, calcium and phosphorus. 
This sample is low in iron, high in silica, manganese and phos- 
phorus. The per cent, of manganese is high enough to make a 
fair grade of spiegeleisen. 

The following analysis by R. W. Thatcher shows the compo- 
sition of the ore from near the wall of the Hamilton mine: 

Fereent, 

Iron 88.88 

Slliea 82.M 

ptiosphoruB 1.06 

SulpAinr 16 

Alumina (AlsOs) 3.87 

Manganese (Mn804) 7.81 

Oftloinxn (OaOOt) 8.81 

The sample from which the above analysis was made is the 
poorer grade of ore from the Hamilton mine and, as the analysis 
shows, it contains less iron, manganese, alumina and calcium 
and more silica, phosphorus and sulphur. The per cents, of 
phosphorus, sulphur and silica are so high that they preclude its 
being classed as a Bessemer ore. It might, however, be used in 
connection with a better grade of iron ore« such as the Snoqual- 
mie pass ore, and make a good pig iron. 

The following analysis by R. W. Thatcher shows the compo- 
sition of the ore from the shaft of the Inaugural mine; 



fiillea 10.88 

Ptaoapbonis M 

Snlphnr 

AlWAiM <A1»Ob> a09 

lia»S»n«M<MDtOi> U.08 

Calcilnxn (OaCOs) 8.9B 

The sample from which the above analjrsis was made was 
taken from a shaft that has been sunk to the depth of 85 feet 
on this property, and shows the character of the ore at that depth. 
The ore is not very high m iron but contains a high per cent, of 
silica, phosphorus, and manganese. In some cases, however, 
ores having a lower per cent., even, of iron than this one has 
are used. 

The following analysis by R. W. Thatcher shows the com- 
position of the ore from the Treadwell mine. 



Uom «.71 

autoa turn 

PfcOtpiwrnfl • 44 

Sulvknr 

Alumina (AlsOs) »....^ t.lf 

Manganete (BCniOO ^ 8.81 

Caloium (CaOOt) 8.78 
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The Treadwell mine is located near Marbiemount, which is 
tweaty- five miles above HamiltoD OD the Skagit river, and the 
ore is about the same grade as that at Hamilton. This particu- 
lar sample shows the per cent, of iron to be a little low, with a 
high per cent of silica, phosphorus and manganese. 

The following analysis by R. W. Thatcher shows the com- 
position of the ore from the Pittsburg mine. 

SUloa M.OS 

PhoBpboniB a 

Sulpbur 

Alaniln* <AJ,0() 8 43 

UingBDaw (UaiOt) 8.U 

OklclniD (C»O0.) - 8-08 

The sample from which the above analysis was made came 
from the ore body which is situated lowest down on the hill and 
shows the ore to be of a very poor quality, being low in iron, 
high in silica and phosphorus. 

The following analysis by R. W. Thatcher shows the com- 
positioD of the ore from the Pittsburg mine. 

Iroo M.li 

suio* 8a.« 

PhospliorUB .,. SO 

Sulpbur 

Alumina (Alid) S.U 

•fuvanese (UniOt) U.U 

Oalelum (CMX)*) 8.71 

There are two le^es or ore bodies on the Pittsburg mine and 
the sample from which the above analysis was made came from 
the upper one of the two. The analysis shows the ore to be low 
in iron and high in silica, phosphorus, alumina, and manganese. 
The only redeeming feature this ore has is its b^h per cent, of 
manganese and with the very high per cent, of silica it has, it is 
very doubtful if it will prove of very much value to use by itself, 
but might be used in connection with some good high grade ore, 
like the Snoqualmie pass ore. 

The following analysis by E. Fulmer shows the composition 
of the ore from a new location by J. J. Conner. 

Iron «.eo 

Insoluble nsiilna 37. M 



Sulpbur Not Det 

Alumlm (AliOj) NonB 

MuigaueM (MntO^) I» 

C«lolum(OftOO|) (.SB 
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The above analysis shows the sample to have been above the 
average in iron and to be very similar to the ores of this district 
in other respects. 

The following anlysis by S. Shedd shows the composition of 
the ore from the upper deposits or the one just below the coal: 

Per c&tU. 

Iron 42.48 

SlUoa. 24.18 

Phosphorufl 64 

Sulphur 26 

Alumina (AlaOt) ».64 

Manganese (Mns O4) Notdet. 

Calcium (Ca CDs) ** ** 

The sample from which the above analysis was made was 
taken from the vein highest up above the river, and while no 
work has been done here the analysis shows the ore to be a little 
above the average in the amount of iron it contains, of the ores 
in the Hamilton district, and in other respects to be about the 
same as the average ore of this locality. 

SNOQUALMIE PASS DISTRICT. 

ANALYSES OF IRON ORES FROM SNOQUALMIE PASS. KING COUNTY. 
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THE MODE OF OCCURRENCE OF THE SNOQUALMIE PASS ORES. 

The iron ores of the Snoqualmie Pass district occur on the 
south fork of the Snoqualmie river near the summit of the Cas- 
cade mountains. 

The pass, as determined by the United States Geological Sur- 
vey, has an altitude above sea level of 3,131 feet, and Guye's 
peak 6,980 feet and Denny mountain 5,766 feet. The ores occur 
in Guye's peak and Denny mountain at an altitude of from 1,500 
to 2,000 feet above the Snoqualmie river. The ore appears to 
occur in beds or isolated masses and not in veins. The country 
rock in this locality is marble, limestone, granite, and conglom- 
erate and the iron ore occurs in connection with the limestone and 
marble more frequently than with the other kinds of rock. In 



the timnej on the Denny mioe is found a coarse-grained white 
marble in which the particles are very loosely cemented together. 

CHAKACTER AND COMPOSITION OF THE SNOQLAUIIE FASS OKES. 

The iron ores of the Saoquahnie pass district are dark-colored 
hea\-y ores and vary fat>m quite porous to very fine-grained masses. 
They have somewhat of a metallic Icster, are strongly magnetic 
and when powdered give a black streak. 

Below are given descriptions of the individual propertiea ia 
Snoqaalmte pass district. 

The F. M. GmE Properties. — These properties are located 
on what is known as Guye's peak, about tour miles oarthwest 
from Snoqualmie [Msa. Considerable development work has been 
done on these properties and some hnc magnetic iron baa been 
found here, but the question that has not been definitely settled 
as yet ia the qnestioa of quantity. The ore here occurs in con- 
nection with marble and limestone principally. 

The following analyses by Professor Elton Folroex shows the 
composition of the ore from these pro p ecties : 



Snlpliar 

Tim analyses are of nmples coOected from two dr gerent lo- 
calities and show the ore to be a very hi|^ grade ore almost free 
from pho^ifaaras and sa^ar. and as abeady stated, tka oakf 
qaeation that mnaias in conaectiaa widi these deposilB ia tli* 
one of quantity. 

Ths Duonr Pbopsbtus. — The Deaay p co p es tiea aie tocated 
on what is known as Dcnay mountain, a high prominent peak 
aboot three and oae-baU miles soath of Guye's peak, and about 
foor miles sonthwest of Snoqualmie pass. A tunnel baa been 
driven into the mnm»t»«f far sonw coosideEable distansa tui 
these properties bnt noChiag very enc»ongiBg has been derd- 
oped. In the tonnel are txpomed some very coarse-grained and 
poorly cemented Limestones and white marbles. 

The following analyses by S- Shedd show the composition of 
the ore from these properties : 
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The analyses show the ore to be excelleat in quality. It is 
uncommonly high in iron, low in silica and sulphur, with prac- 
tically no phosphorus. Number one is from the surface about 
fifty yards from the tunnel. The question here again is quan- 
tity, and the indications are not very favorable for any very large 
body of ore. 

CLEALUM DISTRICT. 

ANALYSES OF IRON ORES FROM THE CLEALUH DISTRICT. KTrTCTAS 
CODNTY. 
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THE MODE OF OCCURRENCE OF THE CLEALUM ORB. 

The ore in this district occurs in the contact between a sand- 
stone and serpentine as shown by Smith and Willis, in their 
paper read before the Washington meeting, February, 1900, of 
the American Institute of Mining Engineers. The ore outcrops 
along the valley at intervals, from about one-fourth of a mile 
south of Boulder creek to Camp creek, a distance of one mile 
and a half. 

To the east of these outcrops along the river, and from 700 
to 1,600 feet above them, is another line of outcrops, known as 
the Emerson group of mines. These have been traced for 
about a mile. The ore bodies are lenticular and vary in thick- 
ness from a few feet to thirty feet. 

The following as regards their geological position is taken 
from the paper by Smith and Willis, already referred to : 

" They have a defiolte geoloftic poeltlOD Id Ihe rock series of the dis- 
trict, and their dlBtributlon la determtned by the geologic Structure. 
Tbey He on the surface of an eztenaive formation of Berpealtne at aud in 
the base of a saodetoue called the Swauk sandatone. The serpeotlne is 
older than the sandstone. It had been muoh eroded when tbe sandstone 
was deposited, and tbe sandstone, although composed ohlefly of granite 
laod, oontaina Id Its lower beds, near tbe serpeDtloe, bits of decomposed 
S— IV 
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serpentlDe and heavy minerals derived trom It. Limited leasea of shale 
composed ot serpentine wa«b and aleo conglomeratee of serpentine 
boulders oocur aX the boao of the a&ndstone. Tbua the surface od which 
the Iron ores occur waa an eroded Burface. which, with the aoil and 
other residual accumulattonB, vae buried tieneath uronile Banda. The 
retatioDB and character of the ore Indicate that It wae a Bedlmentarf de- 
posit on the sorptentlne, waa covered b; the sandB, and later metAmor- 
pbooed to it« preeent oonditloa." 

The neatest place to these iron deposits where coai has been 
found, in any quantity at least, is Roslyn, and these coals are 
not coking coals, so that it would seem that in order to smelt 
these ores it would be necessary to ship them some place to (uel 
or ship the coke to them, either of which would be expensive. 



CHARACTER ANIl COMPOSITION OK THE CLBALUM ORES- 

The ores of this district vary considerably in appearance and 
general characteristics and range from a high grade iron ore car- 
fyiig 57 per cent, of metallic iron on the one hand to a serpen- 
tine on the other carrying Less than lo per cent, of iron. These 
ores may be separated into three classes, as follows: Massive, 
laminated and oolitic. The massive ore has a dull, greenish 
black color and when powdered gives a brownish black streak. 
The laminated ore varies in appearance, in some cases being 
dark red and in others having considerable of a metallic appear- 
ance, but is each case giving a deep red powder or streak when 
pulverized. The oolitic ore has a greenish black color and con- 
tains numerous oolites in an amorphous ground mass and when 
powdered gives a brownish black streak or powder. All of these 
ores are quite strongly magnetic and are apparently mixtures of 
hematite and magnetite. In some of the ore bodies all three 
classes of ore are found and in others only one class. The 
oolitic ore, so far as I could determine, is not found in the ore 
bodies farthest up on the hill, high above the river, but is quite 
common in those down near the river and especially those near 
Camp creek. 

The samples from which the analyses given here were made 
are thought to be average samples of the ores in this district, 
having been selected with a great deal of care by the writer him- 
self, and while samples could probably have been found that 
would have shown a higher per cent, of iron, it is thought that 
these samples show the average of the larger part of the ore in 
the district. 
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GEOLOGY OF THE CLEALUM IRON DISTRICT. 

The geology of this district has been very carefully worked 
out by George Otis Smith and Bailey Willis of the U. S. 
Geological Survey, and a summary of their results has been given 
in a paper read at the Washington meeting, February, 1900, of 
the American Institute of Mining Engineers, and published in 
Volume 30 of their Transactions, and from that paper is taken 
the most of what is given here as regards the geology of the 
district. 

Smith and Willis divide the rocks of this district into two 
groups and designate them as those which are older, or .pre- 
Eocene, and post-Eocene. These two groups are unconformable, 
and the iron ore occurs in the contact between the two forma- 
tions. 

'' Pre-Eocene RocKS.~The oldest rocks of the area are slates, 
chert, limestone, quartz schist, and volcanic breccias and tuffs, consti- 
tuting a pre-Eocene complex. All these rocks have been somewhat 
metamorphosed, yet rarely too such an extent as to prevent the determ- 
ination of their origin. They were folded, sheared, and intruded by 
igneous rocks early in the history of the region, and have been more or 
less mineralized with cupriferous, and argentiferous deposits. 

^* One of the most voluminous of the intrusives in the pre-Eooene 
complex consisted of large masses of peridotite, now more or less altered 
to serpentine. These intrusive masses are scores of miles in length and 
several miles in width. They have in great part the form and relation 
of lar^e dikes. 

^^Tbe youngest of the pre-Eocene rooks is a granodiorite closely 
resembling that of the Sierra Nevada. The rook looks like an ordinary 
medium-grained granite, except that it is poorer in quartz and slightly 
darker in color. It constitutes the Mt Stuart batholith, and that mass 
with others in the Cascades furnished the sands of the Swauk sandstone. 

'' Eocene and Post-Eocene Rocks.— Arkose sandstone constitutes 
the great mass of Eocene strata in the Cascade range. They are of 
wide-spread occurrence on the west as on the east of the range. In the 
Mount Stuart district, the Eocene sandstones are divided by an extensive 
flow of basalt, and occordingly the Eocene formations are: first, the 
lower sandstone, which is called the Swauk; second, the Teanaway basalt; 
and, third, the upper sandstone, which is called Roslyn. 

*^The two sandstones are very similar in general character, and the 
eruption of basalt which flowed from conduits now represented by in- 
numerable dikes in the Swauk sandstone, appears to have occupied a 
brief interval, after which the conditions of erosion and deposition 
were essentially the same as before it. 

*^The economically important facts of these Eocene rooks are the 
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occurrence of & good grsde ot steam ooa! mined at Roslyo, and the pos- 
sibly valuable iron ore« at tbe bam ot tbe Sw&uk. 

" Tbe pent-Eocene rormatfons are ot botb Bedlmeiitary and volcanlo 
ori^. Baaalt flows. j^ouoKer tban the Taasaway basalt, oonnecl wltli 
basaiU which form tbe great expanse of tbe Columbia plaia tar to tbe 
eaeL A complex maes ot more acid volcanic rocki, chiefly acdeslte, 
occurs Id Intricate reiatloos with other formations about the head 
waters of the Yakima river, and overlying the Swauk sandstone west of 
the head (raters of the Clealum river, forms the summit of Goat 
mountain.'' 

The foilowiDg analysis by S. Shedd shows the composition 
of the ore from the Emerson mine. 

Ftrent. 
81UCS. U.GB 



Alumina &fid ebfomlain (AliOi aiidGTiOi) 1.92 

The analysis shows tbe ore from this mine to carrj' a fair 
per cent, of iron, a rather high per cent, of silica, a small 
amount of alumina and chromium, and no phosphorus or sul- 
phur, and is a fairly good iron ore. 

The ore body in this mine is about 30 feet wide and the walls 
are serpentine. The ore is of a laminated character, and difier- 
ent parts of the ore body would vary considerably in the amount 
of iron contained, but it is believed the sample analyzed would 
represent fairly well the average of the whole body of ore in this 
mine so far as the present exposures are concerned. 

The following analysis by S. Shedd shows tbe composition 
of the ore from the Hard Scrabble mine. 

Ptreut. 
Iran ti.sr 

Smoa 14.00 

Pbosphonu 

Solphor 

' D(AltOi andCriOi) t.n 

AUtUa 



The analysis shows the ore from this property to be very simi- 
lar to the Emerson, which it joins. 

These properties are situated on Magnetic point at an altitude 
of about 1,500 to 2,000 feet above the Clealum river at Camp 
creek. Some work has been done on these properties and the 
ore bodies uncovered for some distance. The occurrence of the 
ore in this property is also similar to the occiirrence of the ore in 
tbe Emerson. 
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The following analysis by S. Shedd shows the composition 
of the ore from the Roslyn mine: 

Per cent. 

Iron 47.10 

SlUoa 8.70 

PhosphoroB 

Sulphur 

Alumina and Ohromium (AlsOj and Cr20s) 12.22 

Manganese 25 

The analysis shows the ore to be a little low in iron, free 
from phosphorus and sulphur and quite high in aluminum, but at 
the same time it is a fair grade of ore. The ore in this mine 
occurs under conditions similar to those under which the ore in 
the Iron Monarch, wh*ch it joins, occurs. The ore body is about 
ten feet wide and is about half of it oolitic ore and the other half 
laminated ore. The sample analyzed was an average of the 
laminated ore, and is seen to be very similar to the oolitic ore, 
with the exception that it does not contain more than half as 
much aluminum. 

The following analysis by S. Shedd shows the composi- 
tion of the laminated ore from the Yankee mine. 

Per cent 

• 

Iron 61.68 

SlUca 7.84 

PhosphoruB 

Sulphur 

Alumina and chromium (AlfOt andCraOt) 6.67 

Manganese. 19 

The analysis shows this to be a good iron ore. While it is 
true the per cent, of iron is not as high as it is in some iron ores, 
still it is above the average and then it is free from phosphorus 
and sulphur and does not contain a high per cent, of silica or 
aluminum. In this mine the oolitic ore does not occur but the 
laminated and massive ores do occur, and the sample was an 
average sample of the laminated ore. Some work has been done 
on this property and the samples taken were from the breast in 
the tunnel. The ore body in this mine is about fifteen feet 
wide and the laminated and massive ores are about equally 
divided. 

The following analysis by S. Shedd shows the composition 
of the ore from the Iron Monarch mine. 

Percent. 

Iron 46.24 

SlUca 7.60 

Phosphorus Traoe 

Sulphur Traoe 

Alumina and chromium (AlfOs andCrjOs) 26.96 

Manganese 
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The analysis shows this sample to be a little low in iron and 
to contain a very high per cent, of aluminum. While the alumi- 
num and chromium were not separated, and the per cent, of each 
determined, the amount of chromium is not large and will proba- 
bly not exceed 5 per cent, at the outside, so that there is probably 
21 per cent, at least of alumina. The sample from which the 
above analysis was made is what has been described elsewhere 
as oolitic ore of a greenish black color and made up of round 
grains the size of mustard seed up to as large as a pea. These 
grains are embedded in an amorphous or 6 neiy -crystal line ground 
mass. The ore body in this mine is about ten feet wide and is 
about half of it this oolitic ore. 

The following analysis, by S. Shedd, shows the composi- 
tion of the massive ore from the Yankee mine: 



SlllO* S,M 

PlioBpliorua. Tnoe 

Sulphur 

AlumlDA and Dhnimlaiii (AliOi UUICriOi) S.J9 

Haogaiieae. Tr«>e 

The analysis shows the massive ore from this mine to carry a 
higher per cent, of iron than the laminated ore ; it also has a 
higher per cent, of alnminuni than the other, but not enough to 
interfere seriously with its smelting qualities. 

The following analysis, by S. Shedd, shows the composi- 
tion of the massive ore from the Iron Monarch mine : 

Iron «.13 

SIllC*. «.M 

Phoipboriu 

SulpbQT 

AliimlDKandabromlaii) (A1|0| Mid CtiOi) 14. 3S 

Maugsasne 17 

The above analysts shows the massive ore from this mine to 
be higher in iron and lower in alumina than the oolitic ore from 
the same mine. 

The following analysis, by S. Shedd, shows the composi- 
tion of the highest grade massive ore found in the Clealum dis- 
trict: Pfrcal. 

Iron. 6M2 

SUioa. Jvee 

Phosphorua 

Sulpbur 

Alumina and ohromlum (AltOt andCr20j ) 4.SD 

The above analysis shows this to be a good grade of iron ore. 
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The following notes and analyses are from a manuscript report 
on the Clealum iron ores by R. H. Stretch, £. M. : 

^^The follo?riDf|f is a report on eighteen sacks of ore taken at regular 
distances across the hody with a view to get a fair sample of the quality 
at that point. The analyses were made by Professor Chas. F. Chandler 
snd C. E. Pellew of Columhia college, New York. 



SiUca 10.28 

Iron 65.08 

Alumina 60 

Lime 58 

Magnesia 1.48 

Manganese 11 

Phosphorus 0189 



Titanic add None 

Sulphur None 

Oarbonlc add None 

Loss on Ignition 5.80 

Oxygen, alkalies, etc 26.6061 



100.0000 



'^ Another analysis of the ore tested at the Lanarkshire Steel Works, 
Motherwell, England, gave as follows: 



SlUca 5.41 

Ferric oxide 57.44 

Ferrous oxide 16.66 

Aluminum oxide 5.81 

Manganous oxide 166 

Oxide of nickel 2.96 

Oxide of cobalt Trace 

Chromium sesQuloxlde 2.12 

Lime Trace 

Magnesia 80 



Alkali 2.49 

Carbonic add 1.90 

Phosphoric add 161 

Sulphuric add Trace 

Combined water 8.13 



96 87 

Iron 5i.82 

Phosphorus 025 



*^The table following gives the results obtained by Dr. Edward 
Riley, of London, England, whose standing as a consulting metallurgist 
and analyst can scarcely be said to be second to that of any ex pert in 
Europe, and who is almost as well known in the United States as in his 
own country : 
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49.66 


Trace 


Trace 


2.04 


1.20 'i 


r.66 


9.16 


8.87 


Trace 


1.00 


2... 


66.86 


0.07 


0.06 


1.99 


0.92 ; 


r.66 


8.66 


2.16 


1.17 


2.20 


8... 


61.66 


0.06 


0.02 


2.06 


0.90 { 


>.85 


8.80 


8.26 


None 


0.66 


4... 


60.76 


0.04 


0.018 


2.66 


0.70 t 


>.90 


11.90 


1.00 


1.15 


0.69 


5... 


62.26 


0.04 


0.016 


8.18 


1.10 ( 


>.10 


6.40 


2.76 


1.25 


1.16 


A 


V. 


51.916 


0.04 


0.0258 


2.881 


0.9tM ( 


L61 


7.684 


2.608 


0.714 


1.188 



GENESIS OF THE ORES. 

Willis and Smith, in their paper already referred to, give the 
following hypothesis as regards the Clealum ores : 

^* Source of the Iron. — The iron concentrated in the hematite 
and magnetite of the ore may be of extraneous origin or derived from 
an adjacent rock. In the facts of its position and association, there is 
no evidence to show that it is a deposit brought in from any more or 
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leee remote extraneous source. There la much, on the contrary, to coq- 
cect it with the Berpeatioe. In Lta field relations, the ore lies on the 
iorpeDtiae, coDtaloe serpealiue waste, and grades Into ehale derived 
From aerpentlae. The analfBiB of the ore and serpentine ahon that tbej 
both contain, in additlOD to the usual rock constituents, such occasional 
ones as chromium and nickel. Magnesia, an Important constituent of 
serpentlDe, is also found in the ore. It is, therefore, reasonable to sup- 
p4^se that the Iroo ore la a result of coDcentration from the serpentine. 

"Conditions of Deposition.— The iron ore occurs on a surface 
of u neon form it;, the aurfaoe of the serpeDtioe formerly exposed to the 
weather, and later buried under saodsof tbeSwaulc formation. In order 
to form a hypotbesls of the coaditloas of concentration, it is necessary 
to Interpret the facte of the unconformity. 

" The bual-beda of the Swauk formation, other than the relatiTely 
limited oocurrenoe of Iron ore, are Keoerally coarse arkose and more 
locally conglomerates, which coosiate of granite, greenstone and slate 
pebbles mixed, or of serpeetlne boulders alone, or rarely ot granite 
boulders alone. The oocglomatea are exceedingly loool in ezlent, and 
when composed almost wholly of surpeotine or graDite are restricted to 
areas of those rocks underlying. The serpentine conglomeratos coutaia 
only ocoaaloDHlly a granite pebble or one of any other rock than serpen- 
tine. The granite conglomerates contato a larger, but yet surprisingly 
small proportion of slate or quartz pebbles. 

"These facte, taken In connectloQ with the enormous volume of 
arkose which constitutes the Swauk and Roslyn formations, Indicate that 
the conditions limited the trans portatl on of boulders and shingle, but 
favored th« aooumulatlon of granite sands, and, furthermore that the 
localities where serpentine was weathering were for » time protected 
from the wldespreadiog deposits of arkose. 

" The basal contact of the Swauk with the older formations Is ex- 
ceedingly uneven, and when traced out reveals the bold relief of the 
Slooene topographic surface, In which the soft shattered serpentloe oor- 
responded with lowlands. These depreaslotis, which received little or 
no wash of other rooks than serpentine, may have beeo watersheds 
limited to areas of that rock. Here meteoric waters leaohed out the 
soluble parts of the disintegrated rock, and the mantle of residual ma- 
terial was deep. The climate was sub-troplo and vegetation abundant. 

" As the coast of the rising water-body of the early Eocene time was 
established it assumed a very Irregular outline, with numerous bays and 
promontories. The climate became favorable to very rapid disintegra- 
tion of the granite, probably through slight hydration of the feldspar, 
without marked chemical change. At certain points along the coast, 
streams delivered the granite waste, which was built into beaches, spits 
and bare by shore currents. Behind the beaches and spits, lagoons were 
enclosed and. In some Instances, such lagoons corresponded to shallow 
bays which received thedralnage from areas of serpentine. That drainage 
wsB charged with Iron and with decaying plants. The conditions were 
thus favorable tor precipitation of iron either as ferrous carbonate or as 
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a hydrate of the sesqui-ozide in the shallow water of the lagfoon. As the 
shore line of the slowly rising water-hody advanced upon the land, the 
several conditions advanced ?rith it, and in favorable localities a deposit 
of iron was a characteristic, and more or less extensive, basal deposit of 
the sediments. The conditions are believed to have been closely analo' 
gous to those which accompanied the deposition of the carbonate ores 
that have been dug in the Cretaceous formations about Baltimore, Md. 

^^Chemioal Relations. — In connection with the hypothesis that 
the ore is the product of decay of the serpentine, a comparison of the 
analyses of the two is essential. The serpentine, of which the follow- 
ing is an analysis, was collected at some distance from the Clealum 
river locality, but fairly represents the rock at that point. It is here 
compared with the average sample of ore taken by Mr. Willis. 

Herpentins, Ort^ 

Fw cent. Per cent. 

SlOa ». 7.6 

TiOa Trace. .7 

AlsOs 1.76 2l.» 

CraOt 47 2.2 

FesOt 6.16 87.1 

PeO 1.71 21.8 

MdO 16 Trace. 

MgO 88. 2.8 

HaO 18.74 6.8 

KjO— NOfO 10 Undet. 

PjOs Trace. .09 

NIO 10 .2 

S 06 .08 

CX>s None. .16 

100.21 100.27 

^* In comparing these two analyses we may consider the lean ore as 
a rearranged, but chemically little modified, residual product of the 
serpentine. In such comparisons most students of the subject of weath- 
ering have regarded alumina as the constituent least liable to removal, 
and therefore best adapted to serve as a basis of calculation. 

*^ Supposing none of the alumina to have been lost in the course of 
the weathering of the serpentine, the alumina present in the residual 
product furnishes a measure of the amount of concentration involved in 
the process, and also of the amount of the material removed. In the 
present case, the alumina percentage having increased from less than 
two to nearly twenty-two, it would follow that twelve and one-half units 
by weight of the serpentine were required to furnish one unit of the re- 
sidual deposit. Calculating the losses for the principal constituents it 
is found that the material removed has been in the main silica, mag- 
nesia and water. The approximate losses suffered by these constitu- 
ents expressed in percentages are 96, 99 and 97 x)er cent., respectively. 
There is no apparent loss of ferrous iron, but in view of the probable 
interchanges of the two oxides of iron, the result may, perhaps, be ex- 
pressed in terms of the iron itself, which shows a loss of 31 per cent, in 
the course of the decomposition of the serpentine into the residual 
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product. There were hIbo Bmall loases of manganeee, chromium, pboe- 
pboruB, nickel sad the albftUei. maoy of tbeae loeeee being l&rge it ex- 
pressed in term« of the amount present In tbe eerpeDtlne." 

The amount of coocentiatioo as here shows by Willia aad 
Smith may seem very large and almost unreasonable but there 
are cases on record* where serpentine weathered into a residual 
soil and, based oo tbe amount of alumina, showed a concentra- 
tion of nearly thirty to one. The two cases are quite similar but 
diiiler in tbe fact that in the soil the amount of silica is sufficient 
to combine with the alumina while in the iron ore there is more 
than enough alumina to combine with the silica and the alumina 
must therefore be present in the free or uncombined condition. 

From the foregoing it is plain to see that Willis and Smith 
attribute the Clealum iron ores to the weathering and concentra- 
tion of the serpentine in which they are found at present and 
that they are not contemporaneous with them. 

COLVILLE AND VALLEY DISTRICT. 

ANALYSES OP IRON ORES TROM STEVENS COCNTY. 
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THE MODE OF OCCURRENCE OF THE ORES. 

The general character of the region in which the iron ores 
of Stevens county occur, is that of a mountainous couatry with 
comparatively level valleys of considerable extent along the 
larger streams and the mountains rising gradually until an alti- 
tude of from 2,ooo to 3,000 feet above the valleys is reached. 
The rocks of this region are limestones, shales, slates, serpen- 
tines, porphyries and marbles. The ores occur both in veins 
and in bedded deposits principally in the limestone and por- 
phyry. 

•Merrill: Rook. Bock- Weathering and Soil, p. 236. 
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CHARACTER AND COMPOSITION OF THE STEVENS COUNTY ORES. 

The ores of Stevens county are principally hematites and 
limonites, and vary in appearance and texture from a very com- 
pact metallic-appearing mass to a finely divided loose red pow- 
der which has been used very successfully as a paint. Some of 
these ores again have small octahedral crystals of magnetite 
scattered profusely throughout the mass. 

The ore from the Clugston creek district is a limonite or bog 
ore of a porous nature and ranges in hardness from a soft de- 
composed ore to a hard flinty ore. When pulverized it gives a 
brown streak and powder. The ores east of Valley are limo- 
nites having a deep red to almost black color, and when pulver- 
ized vary in color from a brown to dark red, indicating that in 
some cases at least there is some hematite present. The ores 
from west of Valley are hematites with some magnetite and vary 
in appearance from deep red to metallic. These ores when pul- 
verized give a deep red streak and powder. The ores of Stev- 
ens county carry a high per cent, of iron, running from 50 per 
cent, to as high as 68 per cent, metallic iron. 

The Clugston Creek District. — This district is about 
twenty miles north and a little west of Colville, T. 39 N., R. 37 
£., section 11. The country rock in this district is a limestone 
and the iron ore seems to occur in masses, and not in a continu- 
ous vein, in the limestone and varies from well concentrated iron 
ore to limestone with very little iron ore in it. Two tunnels have 
been run on one of these properties, and at the end of the lower 
tunnel a shaft sixty feet deep has been sunk, so that a depth of 
100 to 120 feet has been reached on this property. In the upper 
tunnel considerable ore was found, but in the lower one and in 
the shaft no ore was found. The ore in this district from present 
indications, so far as I was able to judge, is of very limited extent. 

The following analyses by S. Shedd show the composition of 
the ore from the I. X. L. mine : 

Percent. Percent. 

Iron 66.68 60.48 

Silica 4.49 14.90 

Alumina 2.00 2.48 

Sulphur 82 .82 

Phosphorus 81 .80 

The analyses show the ore to carry a good per cent, of iron 
and not an unusually high amount of sulphur or phosphorus and 



to vary considerably in the amount of silica. The amount of 
phosphorus is too high for a Bessemer ore. 

The following analyses by S. Shedd show the composition of 
the iron ore from the Silver King mine: 

Ftr cat. Ptrfmtl. 
Iron 67 ,M BS.IO 

smc« i.a i.ia 



The analyses show this ore to be a ver)- fine high grade iron ore. 
The samples analyzed were both from the same property. Some 
development work has been done on this property, a tunnel hav- 
ing been run in on the ledge for about forty feet, but as the hill 
has a comparatively gentle slope no very great depth has been 
reached. The country rock is shale, slate, limestone, and ser- 
pentine. The question of quantity is one that remains to be de- 
termined, as with the amount of work done it is not possible to 
tell very much as to the extent of the ore body. 

The following analysis, by S. Shedd, shows the composi- 
tion of the iron ore from the Capital mine : 

suio t.w 



The above analysis shows the ore to be a good grade iron 
ore, a little high in sulphur and phosphorus for a Bessemer ore, 
however. This property is situated about two mUes east of 
Valley, a small town on the Spokane Falls & Northera Railroad. 
The ore appears to occur in a bedded deposit and varies from a 
soft, loose, reddish mass to a bard compact ore, occurring in 
more or less concretionary or nodular masses. Considerable ore 
has been shipped from here to the Tacoma smelter and used as 
a flux in the smelting of other ores. 

The following analysis, by S. Shedd, shows the. composi- 
tion of the iron ore from the Vigilant mine : 

Ptrtmt. 
Iron. 6S.H 



Phoipbonu a 

The analysis shows this sample to be a good ore as far as the 
per cent, of iron it contains is concerned, but, like the preced- 
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ing one, to be too high in sulphur and phosphorus for a Bes- 
semer ore. The occurrence of the ore in this mine is similar to 
that in the Capital. The sample analyzed was a finely divided, 
loose, uncompacted mass, and similar to the ores from this local- 
ity that have been used to a limited extent as a roof paint. 

CONCLUSIONS. 

Several things must be taken into consideration in determin- 
ing the location of iron and steel industries or plants, the most 
important of which are the following: iron ore, fuel, fluxes, price 
of labor, and nearness to markets. 

The preceding analyses show that Washington has some very 
high grade iron ores, but the question that has not been settled as 
yet is the one of quantity. In most of the districts of the state where 
iron is found so little work has been done that it is not possible 
to say positively whether the ore occurs m large quantities or not, 
and since the quality of the ore is good it would seem to be worth 
while to spend money enough in prospecting thoroughly some of 
the best districts to determine the extent of the deposits. 

The Snoqualmie pass, the Clealum, and the Stevens county 
deposits are all situated long distances inland, and in most cases 
some distance from railroads. The Snoqualmie pass district, which 
contains the highest grade of iron ore, is about fifty miles from 
tide water and the Clealum district is about eighty miles, and no 
fuels near them except wood for charcoal. This would probably 
mean the paying of freight on them to tide water some place on 
the Sound, and unless the freight rate could be lowered very 
materially from what it is at the present time it would tend to 
prevent the using of these ores. 

The question of good fuel is a very important one in the 
manufacture of iron and one that, so far as I can learn, has not 
been fully solved as yet in Washington. Charcoal makes a very 
high grade pig iron, but it is expensive and especially so where 
it has to be made from soft wood as it does here. Washington 
has large deposits of coal, some of which are coking coals, but 
the coke is not of the best quality, however, for the manufacture 
of iron. A good coke for iron furnaces should be low in ash, 
free from phosphorus and sulphur, and hard enough so as not to 
crush when charged into the furnaces. If it is high in ash it takes 
just that much more flux, as it has to be gotten rid of by this 
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means. As already stated, a very small per cent of phosphorus 
or salphar in a pig iron injures it for many purposes. If the fuel 
contains these substances they show in the pig iron the same as 
though they had been in the ore. 

While analyses of the Washington cokes have not been made 
in connection with this report, the best data obtainable seems to 
indicate that they are high in ash and contain some phosphorus 
and sulphur. They are also soft cokes as compared with the 
best grades of coke for iron furnace work. 

Washington has plenty of material suitable for fluxes and no 
fear need be felt in this particular. Labor is perhaps a little 
higher in Washington than it is in the East, but the difference 
would have very little effect on the price of iron. The whole 
Pacific Coast would furnish the market, as very little pig iron, if 
any, is being produced in any of the states west of the Rockies, 
except Washington, at the present time ( March, 1902 ), and the 
steel and iron being used on the Coast is shipped from the East. 

The results shown here are rather against the probability of 
Washington ever becoming a very large producer of pig iron 
from ores occurring within her own borders, at least, unless 
other deposits than those known at present are found. There 
is, however, one factor that has not been taken into considera- 
tion as yet, and that is the British ore occurring on Texada 
island and perhaps some of the other islands in the Straits of 
Georgia. 

Number 7, in the table of analyses of Washington iron ores, 
shows the ore to be of very high grade, carrying 67.91 per cent, 
of iron, 2.96 per cent, of silica, 1.05 per cent, of calcium carbon- 
ate, and practically free from phosphorus and sulphur. This 
Texada ore is a heavy, black magnetite, and is said to occur in 
large quantities and is easy of access. The ore could be mined 
and loaded on boats or scows and transported to any place on 
the Sound at very small cost per ton. 

If, on further investigation, it should be found that the 
Washington coke is suitable for use in the manufacture of iron, 
it is possible, perhaps, that by usmg the Texada ore alone, or 
by mixing it with the ores found in this state, that a considera- 
ble iron industry might be built up at some place on the Sound. 



THE COAL DEPOSITS OF WASHINGTON. 



BY HENRY LANDES. 



INTRODUCTION. 

The first authentic record we have of coal being found in 
Washington was in 1851, when some pieces of coal were picked 
up on the Stilaguamish river. Samples were sent to Washinfi^- 
ton, D. C, to be analyzed, and were found to be of good quality. 
Later investigations made by Rev. G. F. Whitworth showed 
however that the seams were too thin to be profitably worked.* 

On Bellingham t^ay the first discovery of coal was made in 
the fall of 1852. Some work was done on the outcrop and 
about 150 tons were shipped, but by that time it was discovered 
that the coal was of poor quality and not in sufficient quantity 
to be of value, and it was therefore abandoned. 

The next year, that is, in the fall of 1853, two men. Brown 
and Hewitt, discovered coal at Sehome. They were logging for 
the mill on Whatcom creek and found the coal where it had 
been uncovered by the uprooting of a large fir tree. They sent 
some of the coal to San Francisco for trial and a short time af- 
terward received an offer of twenty thousand dollars for their 
claim, which they promptly accepted. For a number of years 
this was the only mine in the territory that was operated to any 
extent. It was finally abandoned a number of years ago. 

In 1853 Dr. M. Bigelow found coal on Black river near 
Seattle. The vein was opened up and operated until the time of 
the Indian outbreak in 1855. Two of Bigelow's partners, Fan- 
joy and Eaton, were killed by the Indians and the mine was 
abandoned. Several attempts have since been made to re-open 
the mine but the coal contains too much dirt to make it profitable. 

Early in the fifties coal was discovered on the Skookumchuck 
in the vicinity of the present town of Bucoda. The territorial 

• Goal Mines of Western Washington, Rev. O. F. Whitworth. Besouroes of Ore- 
gon and Washington, Portland, Oregon, December, 1881. 
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penitentiary was located at this place and the convicts were 
employed for a Dumber of years in the coal mine. When the 
penitentiary was removed to Walfa Walla the mioe was closed 
down. 

Coal was also found on Clallam bay and was opeoed up in 
1864 or 1865. The coal was of good quality but the vein was 
too thin to be profitably mined aud so nothing has been done 
with it for many years. 

In 1863 two very important discoveries of coal were made. 
The first was at Issaquah or Gilman, and tbe other a month or 
two later on Coal creek near Lake Washington, about where the 
town of Newcastle now stands. A number of Seattle men, 
including Daniel Bagley, G. F. Whitworth, John Ross and 
other well known pioneers acquired an interest in the property 
and began active development. The coal was first carried to 
Lake Washington in wagons, transported across the lake by 
barges, and then carried to Seattle in wagons. In 18&7 the 
Lake Washington Coal Company, consisting of the above named 
gentlemen and others, was incorporated for the purpose of 
carrying on more extensive developments. A new opening was 
made and the transportation facilities improved. The coal 
was carried down Black river to the Dawamish, thence down the 
Duwamish to Elliott bay. Barges were first employed and after- 
wards steamers. 

In 1870 the property was sold to the Seattle Coal Company. 
.The new company immediately began to construct a tramway 
to Lake Washington from the mine and another from Lake Wash- 
inf;toa to Lake Union over the portage. A little locomotive and 
train of cars brought the coal from the mine at Newcastle down 
to Lake Washington, where the whole train was loaded on a 
barge and carried over to Union bay were it disembarked onto 
the portage tramway. After passing over the portage the train 
was loaded on another barge on Lake Union and taken to the 
point where the Western mill now stands. From there the 
train proceeded up town to the coal bunkers, which were situated 
somewhere on Pike street. 

Early in the seventies Seattle was making determined efforts 
to secure railroad communication with the outside world. The 
Northern Pacific Railroad Company decided on Tacoma as its 
western terminus and showed a disposition to leave out Seattle 
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altogether. The citizens of Seattle therefore organized the 
Seattle & Walla Walla Railroad and Transportation Company 
and began a line of their own. They constructed the road to 
Renton and Newcastle and from that time forward the old port- 
age route was abandoned. 

Coal was discovered near Renton in 1873 by Mr. £. M. 
Smithers. Together with T. B. Morris, C. B. Shattuck and 
others he organized the Renton Coal Company for the purpose 
of developing the property. The coal was run down on tram 
cars from the mine opening to the Duwamish river where it was 
loaded on barges and towed into Seattle. 

The Talbot mine was opened near the Renton Coal Com- 
pany's property in 1874. John Leary, John Collins and J. F. 
McNaught, who had control of the property, organized the 
Talbot Coal Company. After a few years of operation they 
found their vein badly faulted and finally abandoned it. 

Somewhere about 1862 or 1863 a gentleman named Mr. Van 
Ogle discovered coal in the canyon of Carbon river. He found 
it in such large quantities and over such a wide extent of terri- 
tory that he concluded that a single claim would be of no par- 
ticular value to him, so he did not interest himself any further 
in the matter. During 1874 and 1875 a large number of coal 
claims were taken and considerable prospecting done. In 1876 
the Northern Pacific Railway built a line to Wilkeson and after- 
ward to Carbon Hill. The original Wilkeson mine was aban- 
doned after about three years operation. 

The Green river coal field was discovered at a later date. 
Since that time new discoveries have been made in a great many 
different places, so that the hmits of the known coal bearing 
rocks are being gradually extended. 

GEOLOGY OF THE COAL MEASURES. 

For the most part the coal seams of Washington occur inter- 
bedded in a series of light-colored sandstones and shales, with 
sandstones as the predominating rocks. The latter are usually 
bluish or grayish in color, but often weather into light buff owing 
to the oxidation of the iron carbonate which they contain. These 
rocks are not confined to the districts where workable coal seams 
are known to occur, but outcrop at intervals over the principal 
part of western Washington. In some places the strata are found 

4— IV 
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almost horizontal, but usually they are considerably folded and 
faulted and the upturned edges deeply eroded. Careful meas- 
urements of the series in the neighborhood of Puget sound, made 
by Mr. Bailey Willis, has shown a thickness of about tea thou- 
sand feet. 

Carbonaceous matter is distributed in greater or less qaantity 
throughout the rocks of the whole series. Small streaks of coal 
are found in moat of the sandstones. The shales vary in color 
from light gray to black, according to the amount of carbonace- 
ous matter present. All gradations are found between carbon- 
aceous shale and pure coal. While the number of workable coal 
veins is small, being perhaps not more than ten or fifteen in any 
one district, the number of seams of more or less impure coal is 
very large, considerably over a hundred being known. All the 
veins thus far discovered which are clean enough and with the 
coal in sufficient quantity to be ot commercial value are contained 
in the lower-most three thousand feet of the series. The upper 
two-thirds have thus far proven barren of workable seams, 
although rich in disseminated carbon. From the evidence of 
fossil leaves collected from various localities Professor F. H. 
Knowlton has determined these rocks to be of the Eocene age. 

At the time these sediments were laid down the region be- 
tween the present Cascade and Olj'mpic mountains was a shallow 
sea or wide lagoon, more or less completely cut oS from the ocean. 
That it was fresh or brackish water is shown by the character of 
the animal remains embedded in the sediments.* These are 
mostly unios or other fresh water forms. 

During the whole of the long period in which these sediments 
were being deposited the region was undergoing a gradual but 
persistent sinking. The evidence of the coal seams in the lowest 
strata clearly shows that at that period the water at intervals was 
very shallow, and at the end of the period after sediments nearly 
two miles deep had been deposited the water still remained at 
about the same depth, showing that in the meantime the bottom 
of the sea had sunk two miles. These nicely adjusted forces of 
nature permitted the accumulation of a practically unbroken 
series of sediments throughout the whole period. 

Subsidence did not take place at a uniform rate. There 

te, BnlleOo 61. United Swtaa 
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were periods during which the process of sedimentation shoaled 
the waters faster than the sea floor sank, and this continued 
until the water was shallow enough to support a swamp vege- 
tation, which thereupon spread over the broad lagoons and flour- 
ished with great luxuriance. In regard to the climate, Professor 
F. H. Knowlton* says: "The lower beds, on account of the 
abundance of ferns, gigantic palms, flgs, and a number of genera 
now found in the West Indies and tropical South America, may 
be supposed to have enjoyed a much warmer, possibly a sub- 
tropical temperature, while the presence of sumacs, chestnuts, 
birches and sycamores in the upper beds, would seem to indi- 
cate an approach to the conditions prevailing at the present 
day." 

Alternating with the periods of coal formation, there were 
long lapses of time during which the water was too deep to ad- 
mit of swamp growth. These were the times when subsidence 
proceeded at a more rapid rate than sedimentation, or at least 
kept pace with it. Sand and clay were then deposited. The 
final results of this intermittant, long continued subsidence was 
that we now have a large number of coal seams and layers of 
more or less carbonaceous matter interstratified with beds of 
sandstone and shale. 

In order to maintain the water in a fresh or brackish condi- 
tion either the outlet to the sea was very narrow or the climate 
must have been even more humid than it is at present. When 
we consider that notwithstanding the great volumes of fresh 
water being continually poured into Puget sound the water is not 
appreciably freshened it is difficult to account for the prevalence 
of fresh water forms in the Eocene sea except on the hypothesis 
that it was almost entirely cut off from communication with the 
open sea. The Olympic and Cascade mountains had not then 
risen to their present height but were probably rather in the form 
of low hills. The rocks of which they were formed were mostly of 
granitic type, as shown by the character of the sediments derived 
from them. The coal bearing rocks are known to occur along 
the western slope of the Cascade mountains from the northern 
border of the state southward to the Columbia river. It is prob- 
able that rocks of the same age form a rim around the foothills 
of the Olympics. Coal has been found in a number of places in 

^Oeoloi^oal Atlas of the U. S.. Taooma Folio, U. S. Geol. Suirey. 
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that part of the state, but owing to the very heavy forests and 
almost entire absence of roads very little is known about the 
region. Intermediate between the eastern and western parts of 
the field there was probably a nearer approach to marine condi- 
tions. Marine fossils found in Duwamish valley indicate that 
the border of estuarine conditions was somewhere between that 
locality and the coalfields to the eastward. The greater part of 
these fossils are identical with species found in the Tejon group 
of California, which is of Eocene age.* 

VARIETIES AND USES OF THE COAL. 

The coal is essentially a lignite in character. In certain lim- 
ited localities, however, where great internal disturbance has 
taken place so that the coal has been crushed and rolled it has 
lost much of its volatile constituents and has become bituminous. 
The lignite is usually quite hard and breaks into more or less 
cubical forms. The bitummous coals are rather soft. They have 
been rolled out between their walls and thoroughly crushed, so 
that a considerable percentage of the volatile constituents have 
escaped and the coal is consequently richer in fixed carbon. The 
semi-bituminous or steaming coal lies midway between these two. 
Frequently the change from lignite to bituminous and back again 
occurs within the same vein. 

The value of the coal depends upon the varying percentages 
of moisture, ash, sulphur, volatile hydro-carbons, and fixed car- 
bon. In regard to the first three of these the smaller the per- 
centage the greater will be the value of the coal. The ash is 
derived from two sources: ist, the natural ash present in the 
plant from which the coal is derived ; 2d, the dirt carried into 
the original coal swamp by streams and deposited with the coal. 
This latter source is usually by far the most important one. In 
a large number of coal seams it is the high percentage of ash 
rather than any other drawback which prevents the coal from 
being placed on the market. A number of representative analyses 
of coal from the principal mines show a range in the percentage 
of ash from 5.76 to 12.55. The samples from which these 
analyses were made were presumably taken so as to represent a 
fair average of the commercial article as it was placed on the 
market. 
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A high percentage of moisture detracts from the heating 
qualities of the coal because all the moisture has to be volatilized 
before any of the heat energy is available for any other pur- 
pose. The lignites of course contain more moisture than the 
bituminous coal and consequently have not such high heating 
qualities. 

A certain percentage of volatile hydro-carbons is essential to 
coal. For steam generating purposes the semi-bituminous has 
been found to be the be^t. It has a representative analysis as 
follows: moisture, less than 5 per cent.; ash, 5 to 10 per cent.; 
volatile hydro-carbons, 30 to 40 per cent.; fixed carbon 40 to 
50 per cent. 

The Puget sound coals are suited to a variety of purposes. 
The output of some of the mines is used almost exclusively for 
steam generating purposes, as those of Franklin. Probably 
more coal is used for this purpose than for any other. A 
large quantity is used for domestic purposes. Coke making 
is becoming quite a large industry and several of the mines use 
a large part of their output in their coke ovens. The coke 
finds a ready sale, being more suitable for certain purposes. 
The only coal now used for gas making purposes is that found 
at Burnett. Jt is used exclusively in the Sound cities and 
in Oregon and California. It gives off a high percentage 
of illuminating gas and the residue cokes readily. A small 
vein of coal has been found at Fairfax suitable for blacksmithing 
and this finds a market at a high price. 

Eastern Washington is largely supplied by the Roslyn mines 
which are the largest in the state. A considerable quantity of 
this coal finds its way to Seattle, where the company has recently 
erected large coal bunkers to take care of their export trade. A 
large part of the coal of western Washington is shipped to San 
Francisco and other coast ports. A considerable quantity is 
shipped to Alaska. The rise of the petroleum industry in Cali- 
fornia has caused a considerable falling off of the coal trade with 
the latter section. In the coastwise trade the coal of Washington 
competes with that of British Columbia and Oregon. 

VHATCOM COUNTY. 

In the western part of Whatcom county, extending from the 
foot of Mt. Baker to the coast, there is an area of Eocene coal 
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measures embracing over 250 square miles. These coal measures 
are composed mainly of massive sandstones and conglomerales, 
and shales, and are exclusively of lake origin. They have a total 
thickness of many thousands of feet. Within them very much 
vegetal matter in the form of lignite or coal is to be found, often 
in irregular masses or pockets, but now and then in a weii-defioed 
seam. Occasionally these seams assume dimensions sufBciently 
large to afford workable coal, and they are then of economic im- 
portance. In all cases, as far as known, the beds of coal are not 
immediately underlaid by clay, but by conglomerate or sandstone, 
showing that the coal was not formed by the plants which grew 
upon that particular spot, but rather that it was formed from 
drift wood. As a result no individual seam of coal can be ex- 
pected to extend throughout the coal basin, or even over a larf(e 
part of it, but is more local in its extent. It is also true that a 
coal seam will show considerable variability in thickness when 
followed in different directions. 

Since their deposition the coal measures have been greatly 
folded and the strata are now inclined at high angles. Erosion 
has removed large portions of them, as may be seen in the wide 
valleys of the Nooksack and its tributaries, in the basin of L.ake 
Whatcom, and elsewhere. In the eastern and central parts of 
the Whatcom coal field the strata outcrop everywhere and the 
coal beds may be easily found, but in the western part of the coal 
field the locks pass under a heavy mantle of glacial drift and may 
only be studied or prospected by diamond drilling. 

In the Whatcom coal field veins of workable coal have been 
found at a number of places. In some instances extensive mines 
have been opened and large quantities of coal produced. In a 
general way the coal may be said to improve in quality from west 
to east, as one passes from the region of least folded rocks to 
those that have suffered the greatest deformation. The coal vein 
now being developed on Cornell creek, within six miles of Mt. 
Baker, is said to be of a better quality than any other so far found 
in this field. 

The Bellingham bay coal vein is the uppermost one in the 
Whatcom coal field. It is 14 feet thick, a lignite in quality, and 
was extensively worked 20 years ago. Its outcrop is north 
through the middle of the city of Whatcom and thence north- 
westerly, dipping west and southwest from 8 to 10 degrees. 
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Blue Canyon District 

The Blue Canyon mine is located on the southeastern shore 
of Lake Whatcom, on the railway of the Bellingham Bay Im- 
provement Company. The vein of coal that is being worked 
varies much in thickness, but averages about 7 feet. It lies at 
the very base of the coal measures, being separated from the 
mica schist lying below by a layer of conglomerate which varies 
from six inches to three feet in thickness. Where the conglom- 
erate is thinnest the coal vein is greatly broken and shattered, 
and is occasionally faulted. Lying as it does between the mas- 
sive sandstones above and the metamorphic rocks below the vein 
has suffered greatly in the deformation of the coal measures. 
The vein pitches to the northwestward at an angle of 50 or 60 
degrees. 

The Blue Canyon mine has been in operation for a number of 
years, but has done little more than supply the demand of the 
cities and towns of Bellingham bay and thereabouts. The coal 
is very desirable for steaming and for domestic . purposes. In 
1 90 1 the output of the mine was 48,200 tons. 

SKAGIT COUNTY. 

In the western half of Skagit county coal measures of Eocene 
age outcrop at a number of places. Surrounding these out- 
crops, as a rule, there are small coal basins, which seemingly 
have never been connected but have always been separated one 
from another. In the northwestern part of the county the large 
coal field of Whatcom county extends into Skagit for a little 
way. A mile west of Thomwood, on Samish river, there is an 
outcrop of coal where a little development work has been done. 
Immediately east of Montborne there is a small area of coal 
measures with a few coal outcrops. Near Cokedale and Hamil- 
ton there is in each case a coal measure area in which well 
known veins of coal occur. 

The coal-bearing rocks above mentioned are composed es- 
sentially of shale, sandstone and conglomerate, with very much 
irregularly embedded vegetal matter in the form of lignite or 
coal. These deposits have been made in lakes which were en- 
closed in basins of metamorphic rocks, mainly schists and slates. 
After the lake sediments accumulated to a great thickness they 
were folded to such an extent that the strata are now often in- 
clined at high angles. Since the disappearance of the lakes the 
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lacustrine sediments have been largely removed by erosion, and 
it is possible that the removal has been so great in the cases of 
the smaller lake deposits that some of these have not yet been 
discovered. 

Cokedalc District. 

At the town of Cokedale a coal mine has been in operation 
for a number of years. The mine is located at the extreme 
northern limit of the coal basin, the lowest vein of coal being but 
a few feet from the schist which Ues below. The coal measures 
of Cokedale outcrop along the northern boundaries of the district. 
but for the most part they are covered by the alluvial deposits of 
the Skagit river. The district is not believed to be a large one, 
extending from Cokedale southward to the Skagit, and in an east 
and west direction from near Lyman to a point a little way be- 
yond Sedro-Woolley. 

At the Cokedale mine three veins of coal are found, viz. : the 
north or Klondike vein, the middle vein, and the south vein. 
The north vein is the lowest one in the series and has a thickness 
varying from lo to 35 feet; the middle vein lies 140 feet above 
the north vein, strati graphic ally, and has a thickness of from 4 
to 8 feet, with an average of 6 feet ; the south vein, lying 40 feet 
above the middle vein, has a thickness varying from 6 inches to 
2^ feet. The north and middle veins only are worked at the 
present time. 

The Cokedale coal veins at their outcrops stand about vertical, 
but in the lower mine workings tfaey dip slightly to the south- 
ward. In the deformation of the coal measures the coal was so 
greatly broken that in mining it it is obtained only in small 
pieces, and never in large lumps. It is a good coking coal, and a 
large part of it is made into coke. The coal is all passed throtigh 
washers after leaving the mine ; the coarser part is then used for 
steaming and domestic purposes, while the finer part is taken 
directly to the coke ovens near by. The ovens are of the bee 
hive pattern, each having a capacity of five tons. Forty ovens 
are in place, ten of which were operated continuously during 1901. 
In igoi the output of the Cokedale mine consisted of 12,643 tons 
of coal and 5,806 tons of coke. 

Kunilton DlMrict. 

A few miles east of the Cokedale district, and near the town 
of Hamilton, is a region of coal-bearing rocks known as the 
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Hamilton district. This district lies chiefly between Cumberland 
and Day creeks, and extends from the Skagit river to the neigh- 
borhood of Deer creek. The rock outcrops of the Cokedale and 
Hamilton districts, are separated by the broad alluvial plain of 
. the Skagit, and it is not known at the present time whether the 
coal-bearing rocks extend from one district to the other. 

At several places m the Hamilton district coal veins of com- 
mercial importance are known to outcrop. Upon some of these 
veins considerable development work has been done, and in 
times past some coal has been mined and sold. The coal is of 
good quality, and of a variety that may be made into coke. As 
a rule the coal veins lie in such a position that they may be 
worked very readily. 

On the property of the Skagit Cumberland Coal Company 
and on the lands of Mr. J. J. Conner, near the mouth of Cum- 
berland creek, there are a number of outcropping coal veins. 
The first of these is located on the bank of Cumberland creek, 
not far from the contact of the coal measures with the underly- 
ing mica schist. This vein of coal has a strike of south 43 de- 
grees east, and a southwest pitch of 55 degrees. It lies between 
sandstone walls, and has a thickness of about seven feet of clean 
coal. About a hundred feet stratigraphically above the vein 
just mentioned, is a second coal seam having approximately the 
same dip and strike, with a thickness of over five feet. Above 
the outcrop of the number two vein, at varying heights on the 
mountain side, there are outcrops of several other veins of coal 
with thicknesses ranging from a few inches to four feet. 

Toward the southern part of the Hamilton district, in the re- 
gion about Day lake, coal outcrops at a number of places. In a 
few instances some development work has been done. In sec- 
tions 13 and 24 T. 34 N., R. 6 £., the coal veins have a thick- 
ness varying from 8 to 12 feet. 

KING COUNTY. 

Newcastle-bsaqtiah District* 

The Newcastle-Issaquah district probably constitutes one 
continuous coal field. The Issaquah mine, formerly known as 
the Oilman mine, is located at the northern base of Squak moun- 
tain, two or three miles from the southern end of Lake Sam- 
mamish, and about fifteen miles east of the city of Seattle. 
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Squak mountain is a mass of volcanic rock of the variety known 
technically as pyroxene aodesite. The coal measures overlie the 
lava and dip to the northward at an angle of from twenty to 
forty degrees. The strike of the strata is nearly due east and 
west. Only one fault of any consequence has been encountered 
in the Issaquah mine, and that has not seriously interfered with 
the process of mining. In this mine the workings have been 
pushed westward through Squak mountain, under the valley of 
Tibbetts creek and into the Newcastle hills. 

A branch line of the Northern Pacific Railway reaches Issa- 
quah by way of the northern end of Lake Washington, and the 
coal is shipped by that route. The mine was opened by the Is- 
saquah Coal and Iron Company in 1887. Their holdings embrace 
a tract of land five miles long by one and a quarter miles wide. 
Up to the present time they have worked out about three hun- 
dred and twenty acres of coaJ, and have produced altogether 
about 1,500,000 tons of coal. The output for 1901 was 121,829 
Ions. It is expected that the output for 1902 will be considera- 
bly larger, There are seven known veins of coal on the prop- 
erty having a thickness respectively of four, £ve, six, eight, 
nine, twelve^ and fourteen feet. 

According to the statement of C. F. Owen, State Inspector 
of Coal Mines, the coal generates very little gas and can be 
worked in safety with open lights. It is used very Uzgely for 
steaming and domestic purposes. 

On the Newcastle side of the mountain the principal open- 
ings hav6 been made along Coal creek, a small stream flowing 
northwestward into Lake Washington. Most of the coal has 
come from the vicinity of the town of Newcastle, where it has 
been mined extensively for the last forty years. These mines 
are among the oldest in the Puget sound region and have up to 
the present time produced about five millions of tons. The coal 
is taken out by way of the Columbia & Puget Sound Railway, 
which reaches Seattle by way of Renton and the Duwamish val- 
ley. Both mines and railroad belong to the Pacific Coast Com- 
pany, formerly the Oregon Improvement Company. The present 
Newcastle mine was opened in 1895, and is now practically 
worked out. It has produced altogether nearly 600,000 tons of 
coal. There are five veins, having a width of three feet four 
inches, four feet, four feet six inches, six feet and eight feet, re- 
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spectively, and there are about ten miles of gangways and slopes. 
The breast and pillar system has been employed in the mine. 
Most of the coal is used for domestic purposes and for genera- 
ting steam. 

Since the Newcastle mine has been virtually abandoned 
active operations have been transferred to the new Coal Creek 
mine about a mile and a half farther up the stream. This mine 
was opened in 1898 and up to January i, 1902 had produced 
about 300,000 tons. The daily output is now on an average 750 
tons. For the year 1901 the total output was 130,957 tons. Four 
veins are being worked, two of them three feet eight inches in 
width, one four feet two inches, and one five feet. In the pres- 
ent workings the veins strike approximately east and west and 
dip north thirty-eight degrees. A double track working tunnel, 
seven by fourteen feet in diameter, has been driven a distance of 
5,400 feet. There are altogether about three miles of gangways. 
In the main tunnel electric motors are employed for hauling, 
and electric lights are used. The breast and pillar system is 
the one adopted. A 375 h. p. plant generates electricity for 
hauling, lighting, ventilating, running the air compressor, run- 
ning the washing machines, etc. The company uses a rotary 
washer of their own manufacture. 

Renton-Cedar River District. 

The depression occupied by Lake Washington is continued 
southward first as Black river valley, and then as White river 
valley. Less than a mile from where Black river leaves Lake 
Washington Cedar river enters the former from the eastward, 
flowing through a narrow, steep-sided valley for a number of 
miles and entering the broader valley at the town of Kenton. 
Between the valleys of Cedar river and White river there is a 
plateau which from the surface indications seems to be com- 
posed entirely of glacial drift. It has an average elevation of 
about four hundred feet above the level of the bordering valleys. 
Along the steep sided northern and western edges of this 
plateau, especially near the town of Kenton, the coal measures 
outcrop from beneath the covering of glacial drift. Seven or 
eight miles farther up the valley of Cedar river the coal-bearing 
rocks are again exposed where the Cedar mountain mine has 
been opened. On the northern side of Black river between 
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Rentoa and Ihe Duwamish rtver the coal measures appear in a 
Dearly horizontal position. 

The first mine to be operated on an extensive scale in the 
vicinity of Renton was the old Renton mine, which was opened 
by a number of Seattle pioneers early in the seventies. This 
mine has long since been worked out, as has also the Talbot 
mine, opened a year or two later. In 1895 the Renton Co-oper- 
ative Coal Company began operations on a tract of unoccupied 
ground between the two old mines. They afterwards sold out 
their property to the Seattle Electric Company. The new own- 
ers are now working on two veins. No. 2 and No. 3, each of 
which is about six feet thick, and they are driving a tunnel to 
open a third vein. There are about 9,000 feet of underground 
main tracks. The pillar and stall method of mining is employed. 
At present the daily output averages about 400 tons, and the total 
output for igot was 72,865 tons. The coal is used mostly for 
steaming and domestic purposes. It is washed by means of 
Howe washers. All the hoisting, pumping and lighting is done 
by means of a 150 h. p. electric plant. 

Eight or nme miles up Cedar river from Renton is the Cedar 
mountain mine. The first openings in this vicinity were made 
about twenty years ago and for a long time the mine was a great 
producer, but the principal vein was lost and has only recently 
been rediscovered. The Cedar Mountain Coal Company ob- 
tained control of the property in 1898 and since that time has 
been working on an eigbt-foot vein. The total output for 1901 
was 13,500 tons. 

Gttta Rtva DWrtct 

A thick sectioD of the coal measures is exposed in the can- 
yon of Green river, T. 21 N., R. 6 and 7 E. There are alto- 
gether forty beda of carbonaceous matter included in this section, 
but only four of them are productive coal beds. These out- 
crops were discovered about 1880, and two or three years later 
the Franklin and Black Diamond collieries were opened. The 
only vein that is now worked very extensively is the McKay 
vein, otherwise known as the Light Ash or White Ash vein. 
The strata in this district are thrown into long open folds, and 
the whole series inclines to the southwest. Several faults have 
been encountered in the course of mining and in each case the 
hanging wall has slid downwards. Three of these normal faults 
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occur in the Black Diamond mine. In the Franklin mine there 
are a number of small faults. In the eastern part of the field 
where the greatest disturbance has taken place in the rocks the 
coal has become highly bituminous, while in the northwestern 
section where the rocks remain more nearly in their original po- 
sition, the coal remains a lignite. 

The Gem mine at Franklin, belonging to the Pacific Coast 
Company, was opened in 1899 and has, up to date, produced 
75,000 tons of coal. The total output for the year 1901 was 
36,460 tons. It has now a daily output of 180 tons. The vein 
which the company is now working has a thickness of two feet 
seven inches of good, clean coal. In the present workings the 
vein strikes nearly due north and south and dips thirty-five de- 
grees to the west. It is said that the vein can be traced for 
three miles on the surface of the ground. An estimate of the 
coal still to be mined places the amount at about 2,500,000 tons. 
The total length of underground workings is not far from 3,000 
feet. A 75 h. p. steam engine is used for hoisting and ventilating. 
The chute and pillar system of mining is employed altogether. 

The Franklin No. i and No. 2 was operated for a number of 
years, but was flooded and abandoned some time ago. It is 
now being reopened and will be operated again on an extensive 
scale in the near future. Since starting again it shipped, prior 
to January i, 1902, 4,494 tons, and has now a daily output of 50 
tons. Two veins are being worked, one four feet and the other 
nine feet in thickness. They are worked on the chute and pil- 
lar system. A 500 h. p. steam plant is employed for hoisting, 
ventilating, pumping, and operating the coal washing machinery. 
It also runs the air compressor, which is used for running the 
drills and other mining machines. The coal washers are of the 
rotary pattern and are the company's own manufacture. The 
coal is nearly all used on locomotives and steamers. The mine 
is the property of the Pacific Coast Company. 

Franklin No. 7, opened in 1895, has produced about 700,000 
tons of coal up to the present time and has now a daily output 
of 300 tons. The the total output for the year 1901 was 88,217 
tons. One vein is being worked which has a thickness of four 
feet six inches. There is a 500 h. p. plant for hoisting, pump- 
ing, ventilating and lighting. The slope has now been driven 
in a distance of 3000 feet and there are altogether about five 
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miJes of gangway. Electricity is used for lighting wherever 
possible. The breast and pillar system of mining is employed. 
The coal is used largely for steam generating purposes in steam- 
ers and manufacturing plants. 

The I^awson mine near Black Diamond, which is also the 
property of the Pacific Coast Company, was opened in 1895 and 
has had a total output up to the present time of 260,000 Ions. 
The company is working on vein No. i, belter known as the 
McKay vein, which is four feet and four inches in thickness, all of 
clean coal. There is now being mined on an average 400 tons per 
day. The coal is used very largely on steamers and in factories; 
also for domestic purposes. There are now three miles of under- 
ground gangways, and a slope fourteen hundred feet long. 
All the mining is done on the chute and pillar system. Steam 
power of 375 h. p. is used for operating the hoisting, ventilating, 
pumping and other mine machinery. Electricity is used for 
lighting wherever possible. It is estimated that the mine still 
contains about 5,000,000 tons of coal. For the year 1901 the 
output was 97,329 tons. 

The Black Diamond mine was first opened about nineteen 
years ago. The property is now being operated from two open- 
ings on the McKay vein, known as Mine 14 and Morgan's Slope. 
The coal is good, clean steaming coal and requires very little 
picking or washing. It produced in 1901, 327,000 tons. 

The Seattle & San Francisco Railway Company's mine at 
Ravensdale, formerly known as Leary, was opened two or three 
years ago when the district was given transportation facilities by 
the construction of the Palmer cut-oS of the Northern Pacific 
railway. It is situated seven or eight miles west of Palmer. 
Four veins are now being worked. Prior to 1901 the mine 
shipped 48,000 tons and for 1901 the total output was 63,578 
tons. The company has lately constructed large coal bunkers 
at West Seattle. 

PIERCE COUNTY. 
Tilkoon-Caifeoiudo District. 

This field lies about midway between the city of Tacoma and 
Mount Rainier. All of the producing mines are in the extreme 
northern part of the field and not far from the main line of the 
Northern Pacific Railway. Carbon river, which derives its name 
from the numerous outcroppings of coal along its course, flows 
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for about eight miles through the district. Just above the town 
of Carbonado the river flows through a steep sided canyon in 
volcanic rock, but at the town and for a mile or two down the 
river the coal series is exposed. Other sections occur along 
Gale creek and South Prairie creeks, tributaries of Carbon river. 
The hills are covered with glacial drift to a depth of from fifty 
to three hundred feet. In addition to this the whole region is 
very heavily timbered, so that surface prospecting can be car- 
ried on only along the stream channels. Measurements made 
by Mr. Bailey Willis,* of the sections exposed along the streams 
and in the mine workings showed a thickness of 8,000 feet of 
barren measures lying above the productive coal beds. 

Coal was first discovered on Carbon river forty years ago, 
and the first location was made by Flett Brothers and their 
brother-in-law Gale, about ten or twelve years later, that is, in 
1874. They made the first opening on Gale creek about half a 
mile above the present town of Wilkeson. A wagon road was 
constructed from South Prairie to the mine and a number of 
tons of coal hauled to Tacoma. 

The Burnett mine is the most northerly one now operated in 
this field. It was opened by Mr. C. H. Burnett in December, 
1 88 1, and has now passed into the hands of the South Prairie 
Coal Company. A short branch line connects the mine with the 
Northern Pacific Railway at Cascade Junction. Four veins have 
been worked to a greater or less extent, but there are only two 
at present from which coal is being taken. They are both about 
three feet in thickness. The total output since the mine was 
first opened is estimated at 930,000 tons. At the present time 
about 300 tons per day are being shipped. The total length of 
underground workings is at least two miles. The coal is used 
for domestic purposes, for steaming, and for the manufacture of 
gas. The coal is washed by means of Howe washers. A 300 
h. p. steam power plant is employed for hoisting, pumping, etc. 
Seventy-seven thousand two hundred and fifty-five tons were 
produced in 1901. 

The Wilkson mine, operated by the Wilkeson Coal and Coke 
Company, is on a branch line of the Northern Pacific railway 
about thirty-one miles from Tacoma and two miles south of Bur- 
nett. It was opened in 1879 ^^^ ^^ ^^^ present time there are 

* Willis: Coal Fields of Paget Sound, 18th Ann. Rep. U. S. Oeol. Survey. 
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about six miles of water level gangways. The estimated total 
output since the mine was started is i,odo,ooo tons. The daily 
output DOW is 50a tons. Six veins are being worked, having an 
average thickness of six feet each. The chute and pillar system 
of mining is employed. Forrester patent washers are used. The 
power consists of two steam stationary engines of 130 h. p. and 
two locomotives. Mules are employed underground. The com- 
pany has a large coking plant in operation and most of the out- 
put of the mine is converted into coke. There are fifty ovens 
built on the bee hive pattern, twelve feet in diameter, which turn 
out about seventy tons of coke per day. Fifty more ovens are 
being erected which will give a total daily output of 100 tons. In 
the year 1900, 47,615 tons of coal were converted into 29,309 tons 
of coke. For the year 1901 the total output was 125,028 tons of 
coal. The veins which are now being worked outcrop on the 
surface along Gale creek in the western part of section 27. The 
strata here are bent into a broad, low arch with a number of 
smaller folds. Operations have been conducted on each side of 
the main arch and a number of faults have been encountered. 
The present company operating the mine owns the land on the 
■western side of the arch. On the eastern side where the veins 
dip to the eastward the land belongs to the Northern Pacific 
Railway Company, but is worked by the Wilkeson Coal and Coke 
Company on a royalty in connection with their own property. 
Only one quarter of the available coal above water-level has been 
worked out and there are several millions of tons below water- 
level that can be mined at a profit. 

The Carbonado mines are opened about two miles south of 
Wilkeson on Carbon river, which here Sows through a canyon 
about three hundred and fifty feet deep. The railroad was ex- 
tended from Wilkeson to Carbonado about the year 1880 and 
shipments of coal at once began. Four veins are now being 
worked which have a thickness of four feet six inches, five to six 
feet six inches, five feet, and seven feet four inches respectively. 
The total output has been over four millions of tons. The out- 
put for 1901 was 323,395 tons. A battery of 75 coke ovens is 
being installed. 

The Gale Creek Company and the Willis Coal Company are 
opening up new mines in the district. The Gale Creek Com- 
pany is working five veins from three to seven feet thick, and 



The Coal Deposits of Washington. 59 

)l^9 taken out about one hundred thousand tons of ^rst* class 
steaming and gas coal. Their output for 1901 was 19,900 tons. 
The Willis company has six veins, from three to six feet thick, 
and has taken out several thousand tons. 

The Western America Company, operating the fairf^x coal 
mine, has built a railroad seven and a half miles long to ponnect 
with the Northern Pacific at Carbonado. They began operations 
in January, 1900, and are now producing about two })undred 
ton9 per day. For the year 1901 their output was 30,^13 tons. 
Three veins are being worked : No. 2, six feet thick. No. 3, six 
feet eight inches thick, and Blacksmith vein, two feet si^ inches 
thick. A water-power plant of 125 h. p. is used to generate 
electricity for lighting, hauling, etc. There are now about 
3,000 feet of gangways with smaller workings to match. The 
diapiond system of mining is principally employed. The com- 
pany has gone into the coking industry on an extensive scale. 
They have now in operation sixty bee-hive ovens thirteen feet in 
diameter and seven feet in height. Besides being m^e into 
co)ce, the coal is very largely used for blacksmithing ^nd for 
9team making. 

The Montezuma mine has been opened in section 2, T. 17 
N., R. 6 E. Work was begun in February, 1901, and up to the 
present time about 800 feet of entries and airways have been 
driven. No attempt has yet been made to stope out (he coal 
and no shipnients have been made, but in the course pf driving 
the entries frona twenty-five to thirty tons of coal per day are 
t^ken ou^ The long wall system of mining will be eniployed. 
T}ie company has ordered one hundred bee-hive coke ov^ns and 
as soon as these arrive most of the output of the mine will be 
converted into coke. A 400 h. p. turbine w)ieel i^as been in- 
stalled, and all the hoisting, hauling, etc., will be done by water 
power. Three veins are being worked, having a tl^ickness of 
three feet six inches, seven feet and nine feet, respectively. 
Two rock tunnels are being driven which will crosscut two or 
three more veins, one five feet, one nine feet and anotfief of un- 
known thickness. 

KITTITAS COUNTY. 

Roilyn-Ckalttm DktHet 
The Roslyn and Clealum coal field, situated in the north- 
western portion of JCittitas county, on ijfie line of the I^orthc rn 

6— IV 
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Pacific Railway, is separated from the coal fields of western 
Washington by the main range of the Cascade mountains. 

The coal occurs in a series of light colored sandstones to 
which the name " Roslyn sandstone" has been given. This 
formation is underlaid by a aeries of sheets of basaltic lava, 
which in turn are underlaid by other sandstones. The thick- 
ness of the Roslyn sandstone has been estimated as at least 
3,500 feet.* Fossil plants from the Roslyn coal mine and froni 
other coal seams about Clealum have been identified by Pro- 
fessor F. H. Knowlton as being of Eocene age. This makes 
the Roslyn coal roughly contemporaneous in origin with the 
coals of western Washington. 

The Roslyn coal mine, owned and operated by the North- 
western Improvement Company, is the largest in the state. 
A branch road three or four miles long runs from the main line 
of the Northern Pacific Railway at Clealum to this mine. The 
mine was first opened in 1885 by the Northern Pacific Coal Com- 
pany, which was afterwards reorganized as the Northwestern 
Improvement Company. The coal vein is four feet eight inches 
in thickness and dips at Roslyn from thirteen to twenty-six de- 
grees to the southwest, ft is bituminous and an excellent 
steaming coal. The output for 1901 was 1,005,027 tons, having 
a value at the mine of over 21,500,000. Up to November i, 
1901, the total output since the opening of the mine was 5,836,- 
727 tons, taken from an area of about one thousand acres.' A 
conservative estimate of the Northwestern Improvement Com- 
pany's holding of ten thousand acres places the total amouat of 
coal still remaining at forty-seven millions of tons.f The Ros- 
lyn vein is supposed to extend under the entire Clealum vallef 
at a depth of eleven hundred to fifteen hundred feet. It occa- 
pies a shallow syncline with an east and west axis. 

The Clealum mine, operated by the same company aa the 
Roslyn mine, was opened in 1894. The vein upon which they 
are now working occurs higher in the series than the Roslyn 
vein. It is from four and one half feet to five and one half feet 
thick and dips southward at an angle of about fourteen degrees. 

The EUensburg Coal Mining Company has operated a mine 

* Geology ol the Cuoade Mountlu la Northera WiksMDfftoii, L C. BosaeU. 2ath Ann. 
Bep. U. S. Qeol. Survey. 
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in a small way situated two miles north of Clealum. The vein 
is four feet thick. 

Other coal outcrops occur on the Teanaway river north of 
Clealum, on Frost creek, on First creek, Naneum creek and on 
Williams creek.* Not much development work has been done 
on any of these properties, so it is not known at present whether 
or not the coal occurs in commercial quantities. 

THURSTON COUNTY. 

BdcocU-Teiiiiio DlitricU 

The Bucoda-Tenino district lies in the southern portion of 
Thurston county. Its boundaries are not definitely fixed in any 
direction. A large part of its surface area is composed of flat 
river bottom and barren gravel plains, and it is only where the 
coal-bearing formation appears at the surface along the hillsides 
and on higher ground that it is possible to discover any outcrop- 
pings of coal. 

Coal was first discovered in the valley of the Skookumchuck 
in 1855. It was mined in the vicinity of Bucoda in early terri- 
torial days, the convicts of the penitentiary being employed for 
that purpose. The early mines are now closed down aad it is 
difficult to get definite information regarding them. 

The Chehalis and Skookumchuck rivers flow through wide, 
level valleys. Hills of sedimentary rocks belonging to the coal- 
bearing series border the valleys and rise to heights of several 
hundred feet. During late glacial time the melting of the great 
ice mass which occupied the basin of Puget sound caused a tre- 
mendous flood of water to sweep southward over this region. 
This great river was heavily loaded with sediments of all degrees 
of coarseness, which it dropped by the wayside as it passed 
along. In the northern part of the field in the vicinity of Tenino 
the gravel is quite coarse, and water-worn boulders are scattered 
everywhere. Traveling southward into Lewis county the ma- 
terial gets finer and finer until in the vicinity of Chehalis it is a 
fine sandy loam with no gravel. South of Chehalis there are no 
signs of glacial action whatever. 

The G*'eat Western Coal Company, of Spokane, have a mine 
about four niiles southwest of Tenino in section 35, T. 16 N., R. 



• Geology ol tue Cssoade Mountains in Northern Washlnffton, 1. C. Russell, 20th An n. 
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3 W. Considerable prospecting work has been done with a dia- 
mond drill. A tunnel three hundred feet long has been driven 
and crosscuts made. The vein upon which they are working is 
about three feet six inches in thickness. At the present time the 
coal is hauled to the railroad in wagons, and about two car loads 
a week are shipped. The coal is said to be of good quality. It 
a lignite like all the rest of the coal in this field. 
The Seatco coal mine was opened in 1880 near the town of 
Seatco, the name of which was afterwards changed to Bucoda. 
It was operated with convict labor taken from the territorial 
penitentiary, which was at that time located at Seatco. Public 
sentiment was hostile to the enterprise, however, so that the 
convict system was soon discontinued and the mine closed down. 
Of the original penitentiary company, composed of Messrs. 
Billings, Smith and Shead, Mr. Billings is the only surviving 
member. They operated on an eight foot vein of coal and took 
out altogether about ten thousand tons. 

LETIS COUNTY. 
Chdialit-Centnlia Dbtfkt. 

The two towns of Chehalis and Centralia lie about four miles 
apart, on a wide river plain. Along the sides of the valley coal 
outcroppings have been found and a number of openings have 
been titade, but none of them have developed into extensive 
mines. A little coal is being taken out to supply the local de- 
mand. Nearly all of it is used for domestic purposes. The 
electric power plant of Chebalis uses it for making steam. 

In the hill back of the town of Chehalis a number of prospects 
have been opened up in the past. Several years ^o prospects 
were opened up on the Rosenthal property, but they have since 
been closed. At the present time there is one small mine work- 
ing about a mile from town in Sec. 39, T. 14 N., R. 2 W. It is 
operated by Miller Brothers. They have driven a tunnel about 
one hundred and twenty feet on a vein which measures four feet 
three inches in thickness and dips about forty-five degrees. They 
began work in October, 1901, and at the end of the year had 
taken out about four hundred and thirty tons. The coal is all 
sold in the town of Chehalis. It is a lignite of fair quality, but 
leaves a large amount of ash. 

There is only one coal mine operating at present in the vicinity 
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of Centriilia. It is the Salzer Valley Coal Mine, situated in Sec. 
i^, T. 14 N., R. 2 W., about four miles east of Centralia. This 
xiiine has been operated in a small way by Mr. Marion Howell for 
the last four years. For the last three months of the year 1901 
the output was 267 tons. The vein is five feet six inches in width 
and lies nearly horizontal. A tunnel one hundred and fifty feet 
long has been driven. The coal is hauled in wagons to Centralia 
and Chehalis and sold for domestic purposes. 

A new mine is being opened up by the Sterling Company in 
the Hanaford valley in T. 14 N., R. i W., about eight miles east 
of Centralia. A railroad will be built from the mine to the 
Northern Pacific Railway, a distance of a little more than nine 
miles. The junction will be about a mile and a half north of 
Centralia. The company owns nine hundred acres of coal lands. 
Three veins will be worked, the first seven feet four inches thick, 
the second fourteen feet thick, and the third five feet eight inches 
thick. The coal is a lignite and is said to have a low percentage 
of ash. At the point where the veins are being opened up they 
dip about eleven degrees from the horizontal. 

The old Florence or EUsbury mine is now closed down. It 
was worked for a number of years and had a total output of about 
ten or fifteen thousand tons. It was finally abandoned seven or 
eight years ago. 

Some coal was taken out of another mine on Sec. 3, T. 14 N., 
R. 2 W. , but it was also abandoned about four years ago. 

To the eastward coal outcrops have been found at intervals 
nearly all the way to the summit of the Cascades. At several 
different places extensive development work has been done. In 
the western part of the field the coal is lignite, but as it ap- 
proaches the Cascades it is said to develop into bituminous coal 
and finally into anthracite. 

COWUTZ COUNTY. 
Kiho-CaMt Rock District. 

The Kelso- Castle Rock coal field embraces nearly all of the 
northwestern part of Cowlitz county. The Cowlitz river runs 
north and south through the center of it. The country is, for the 
most part, very heavily timbered and the hills are worn into low, 
rounded forms so that the solid rock does not show in many 
places. The soft coal bearing rocks have been decomposed to 
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considerable depths and a residual soil many feet in thickness 
has been (oimed. For this reason the boundaries of these rocks 
are not definitely known. It is probable that as the district be- 
comes better known the boundaries of the area of productive 
coal measures will be greatly extended. 

Throughout this part of its course the CowHtz river flows 
through a flat alluvial valley a mile or two in width, bordered by 
low hilts which gradually increase in height as they recede from 
the river. The tide flows up the river several miles above Kelso. 
At Rocky Point and at Castle Rock bold blufis of hard basaltic 
lava extend out into the valley. In the vicinity of Kelso and 
higher up the river there are the remants of a rocky bench or 
terrace about fifty feet Jn height above the level floor of the valley. 

The coal bearing rocks are sandstones and shales probably 
of Eocene age. They have been upturned from their original 
horizontal position only to a slight degree. Along the Cowlitz 
river the rocks are thrown into gentle folds. A large number of 
coal seams have been found at different places varying from a 
few inches to six or eight feet in thickness. 

The Anchor mine was opened in 1890 by the Anchor Coal 
and Development Company, of San Francisco. It is located in 
Sec. 13, T. 8 N., R. 2 W., about three miles northeast of Kelso. 
Two veins were worked, one about four feet and the other five feet 
in thickness. A narrow gauge railroad three-quarters of a mile 
long ran from the mine to the Cowlitz river where the coal was 
loaded OD barges and shipped to Portland and other places. 
Although a large amount of money was spent, the mine did not 
tm'n out to be a success. It was finally abandoned about 1898. 

Tbe Coal Creek Development Company, of The Dalles, 
Oregon, is opening up a coal prospect on Coal creek, about eight 
miles west of Kelso. A standard gauge railroad is being built 
from the mine to tide water, a distance of four miles, where the 
coal will be loaded on barges and shipped to Portland. 

The Oregon Coal and Timber Company, Joseph Gaston, 
president, W. T. Webber, superintendent, has obtained posses- 
sion of the old Idleman mine, situated in Sees. 12 and 13, T. 9 
N., R. 2 W., about a mile and a half east of Castle Rock. The 
mine was first opened up by Mr. C. M. Idleman, a number of 
years ago. It was worked in a small way until 1893, when it 
closed down on account of litigation. The new company began 
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operations late in the autumn of 1901. The old workings have 
been pumped out and preparations are now being made to de- 
velop the mines on an extensive scale. Several veins are being 
opened up, one four feet six inches, another four feet one inch, 
and a third six feet in thickness, respectively. Still other veins 
of unknown thickness outcrop at points below. A standard 
gauge railroad from the mine to the Cowlitz river is partly com- 
pleted. An incline seven hundred feet in length has been driven 
and a number of crosscuts made. The coal is a brown lignite 
with very little sulphur and a small percentage of ash. It will 
be shipped in barges to Portland. 

Another mine known as the Red Ash mine was opened up 
several years ago on Arkansas creek, about two or three miles 
west of Castle Rock. A considerable amount of coal was 
shipped to Portland and other places, where it is said to have 
given good satisfaction. It was closed down about two years 
ago, but negotiations are now pending whereby it will be opened 
again. The vein that was worked is said to be seven feet in 
thickness. A shaft has been sunk and an incline one hundred 
and fifty feet in length driven on the vein. 

The Carbondale mine, three miles southeast of Castle Rock, 
in Sec. 24, T. 9 N., R. i W., has been developed to some ex- 
tent. It belongs to Portland parties. No coal has yet been 
shipped from this prospect. 

Another prospect upon which work has been done lies in the 
NW. j{ Sec. 24, T. 10 N., R. I W., on Toutle river, three or 
four miles from the Cowlitz. Other prospect holes have been 
sunk on Sec. 24, T. 9 N., R. i W., and in Sees. 8 and 18, T. 10 
N., R. I E. 



OCOLOOICAL SDRTBT. AHIIITIIi RIPOBT. UOl. PtJiTI XXV. 




SKAMS. WITH COM. ANAI.YSKS. 



19DI. Pl.*TK XXVI. 




— -•— ^ rgffa/rr-it 



SECTIONS OF COAL SICAMS. WITH CO L ANALYSES. 



WARRuroratt OtoiXKUCAL SuRTBT. AinrvAL Rrpobt, 1»0I. Pr^n XZVIL 



ii::i 



^/•t'rt/j^itm 



mmpimm 



TM0M4<MCa 








SKcriONS OK (■OAI. SEAMS. WITH I 



I 

i 

■ J 

:l 

i I 

H 
I 



i: 



I 



I 

4 ; 






■ 



INDKX. 



Pag€. 
Analyses of — 

Black Hills Iron Ores 19 

Clealum Iron Ores 27 

Hamilton Iron Ores 19 

Iron Ores of U. 8. and Cat>a 14 

Lake Cnshxnan Iron Ores 18 

SnoQualmie Pass Iron Ores 25 

Stevens County Iron Ores 86 

Washincrton Iron Ores 9, 10 

Anchor Mine 64 

Black Diamond Mine 66 

Black Hills 19 

Bine Canyon Bilne 49 

Buooda Bilne 61 

Bomett Mine 67 

Capital Mine 86, 88 

Carbonado Bilne 68 

Carbondale Mine 66 

Cedar River Mine 68 

Cbehalis Bilne 62 

Clealum District 27 

Clealum Mine 60 

Clugston Creek District 87 

Coal Deposits of Washinirton 41 

Coal Measures, Geology of 48 

Coal, Varieties and Uses of 46 

Cokedale Mine 60 

ColvlUe District 86 

Cowlitz County Coal Fields 63 

Denny Mine 26, 26 

Emerson Bilne 27, 80 

Fairfax Bilne 59 

Franklin Mine 55 

Fulmer, E., Analyses by 24, 26 

Oale Creek Mine 58 

Geology of Coal Measures 48 

Green River Biines 54 

Guye Bilne 25, 26 

Hamilton District — 

Coal Mines of 50 

Iron Ores of 19 

Hamilton Mine 19, 22, 28 

Hardscrabble Mine 27, 80 

Idleman Bilne 64 

Inaugural Mine 19, 21, 22 28 

Irondale Plant 5 

Iron Manufacture 5 

Iron Mining 5, 16 

Iron Monarch Bilne 27, 81 

6— IV 



Iron Ores — Pagt. 

Analyses of 9 

Character of U 

Commercial Value of 11 

Distribution of 8 

Production of 4 

Relative Values of 4 

Varieties of 2 

Issaquah Bilne 51 

L X. L. Mine 86, 87 

King County— 

Coal Fields of 51 

Iron Ores of 17 

Kittitas County- 
Coal Fields of 57 

Iron Ores of 16 

Lake Cushman District 18 

Lewis County Coal BMelds 62 

Lawson Bilne 66 

Mason County Iron Ores 18 

Montezuma Mine 59 

Newcastle Bilne 51 

Ores ol Iron 2 

Pierce County Coal Fields 56 

Pittsburg Mine 19, 24 

Red Ash Mine 65 

Ronton Mine 58 

Roslyn Coal Mine 60 

Rodlyn Iron Bilne 27, 81 

SaUer Valley Bilne 68 

Shedd, S., Analyses by 

26,26,80,81,82,87, 88 

Silver King Bilne 86, 88 

Skagit County — 

Coal Fields of 49 

Iron Ores of 16 

Smith and Willis 27. 29, 88 

Snoqualmle Pass District 25 

Stevens County Iron Ores 17 

Stretch, R. H 88 

Tenino Mine 61 

Thatcher, R. W., Analyses by, 21, 22, 28, 24 

Thurston County Coal. Fields 61 

Treadwell Mine 19, 28 

Valley District 86 

Vigilant Mine 86, 88 

Whatcom County Coal Fields 47 

Wilkeson Mine 58 

Willis and Smith 27, 29, 88 

Willis Mine 58 

Yankee Mine 27, 81 



I 

I 



WASHINGTON 

GEOLOGICAL SUEVEY. 



HENRY LANDES, STATE GE0LXX}1ST. 



"VOLTIME I. 

AMUAL REPORT FOR 1901. 



IN SIX FASTS. 



P.AJRT V. 



THE WATER RESOUKCES OF WASHINGTON. 
POTABLE AND MINlEAl WATEE. 

Br H. O. BYEBS. 

AKTESIAN WATEE. 

bt c. a. ruddy. 

WATER POWEa 

Bt R S. HCINE. 




OLYHPIA, WASH.: 

GWiS BICUS, . . . STATE PRINTER, 

1902. 



<J 




1431 58 




BOARD OF GEOLOGICAL SURVEY. 



% 



Hbnbt McBridb, Prerident. 

Qovernorof Washington. 

JO. W. Maynabd, Secretary. 
Treasurer of Washington. 

_^. P. Gravbs, 

4 President of the nnlversity of Washington. 

-j-J^. A. Bryan, 

""\ - President of the Washington Agriooltural College and School of Soienee. 

STAFF OF GEOLOGICAL SURVEY. 



Henbt Landes, SiaU Geolo^i. 

Professor of Geology, University of Washington. 

Solon Shedd, GeokgisL 

Professor of Geology, Washington Agricultural Ck>llege and 

School of Science. 

W. a Thyng, Geologist. 

Professor of Mining Engineering, Washington Agricultural 
College and School of Science. 

D. A. Lyon, Geologist. 

Late Professor of Mining Engineering and Metallurgy, 
University of Washington. 



CONTENTS. 

PAOB. 

Pbefaoe vii 

The Water Resoubcbs of Washington 1 

Potable and Mineral Water, by H. G. Byers 1 

City Water Supplies 1 

Mineral Sprin^^ 7 

Alkali Lakes 9 

Artesian Water, by G. A. Buddy 12 

Introduction 12 

Yakima Valley 16 

Kittitas Valley 21 

Whitman Gounty 21 

Water Power, by R. E. Heine 24 

Introduction 24 

Snoqualmie Falls 26 

Spokane Falls 27 

Mill Greek, near Walla Walla 29 

Pressor Falls, Yakima River 80 

Ghelan Falls 81 

Puritan Mines, near Loomis 82 

Whatcom Falls 82 

Nooksack Falls 83 

Tumwater Falls, near Olympia 84 

Garbon River and Evans Greek, Fairfax 35 

ILLUSTRATIONS. 

rACINO PAGE. 

Lake Whatcom 1 

Blue Lake, near Oroville 1 

Falls of the Spokane River, Spokane 8 

Falls of the Yakima River, Prosser 8 

Falls of the Spokane River, Spokane 16 

Head- Works of Snoqualmie Falls Power Gompany 24 

Interior of Snoqualmie Falls Power Station 82 



n 



»■ 



r 



I 



I^ 



• f 



It is felt that an outline, or any description of the mineral 
resources of Washington would be incomplete without some 
mention of the incomparable water resources of the state. 
Therefore articles have been prepared for this report dealing 
with the potable and mineral waters, artesian waters and the 
water power of Washington. 

In Potable and Mineral Water, by H. G. Byers, some 
statements are made concerning drinking water in general, fol- 
lowed by a discussion and the analyses of the drinking water of 
the various cities of the state. Comparisons are made with cer- 
tain potable waters found elsewhere. Descriptions are given of 
the principal mineral springs, including analyses of their waters, 
temperature, etc. At the time this article was written some of 
the mineral springs were inaccessible, and hence cannot be de- 
scribed until a later report. A partial study was made of the 
alkali lakes in the hope that the water might be sufficiently con- 
centrated to be of economic value. From the analyses such 
does not appear to be the case. 

In Artesian Water, by C. A. Ruddy, after some general 
statements concerning artesian basins, the leading artesian dis- 
tricts of eastern Washington are described. In any arid district 
the possibility of artesian water is a matter of great interest 
because of the necessity of water for irrigating purposes. It is 
hoped that there will be an opportunity for investigations 
throughout the arid and semi-arid portions of central Washing- 
ton, so that all the artesian basins may be discovered and de- 
scribed, in order that their storehouses of water may be unlocked. 



Preface. 



Id Water-Power, by R. E. Heine, after some introductory 
statements concerning the latent water-power of the state, brief 
descriptions are given of the best known water-power plants. 
Ail of these plants have been only lately put in operation, and 
it is thought that they but mark the beginnittg of a development 
which will prove a tremendous factor in the commercial ad- 
vancement of the state. 
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\V« w«n> l«d into this investigation by the fsct that, whea 
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THE WATER RESOURCES OF WASHINGTON. 



POTABLE AND MINEEtAL WATER. 



By H. G. Btebs. 



OTY VATER SUPPLIES. 

Water surveys have been or are being made in many of the 
states. These surveys are for the purpose of determining the 
sanitary condition of present supplies, of the formulation of 
standards of purity of unpolluted waters, and of enabling citizens 
to gain immediate and authoritative information in regard to the 
potability of any source of supply. These surveys are made at 
the expense of the state and are in some cases of great extent 
and corresponding value. 

That an abundant supply of pure drinking water is very im- 
portant for the preservation of health, and that impure water is a 
most potent factor in the development and spread of disease, are 
propositions the truth of which is unquestioned by physicians, 
scientists or the general public. It is not a matter of general in- 
formation, however, that local conditions greatly modify the 
deductions to be made from a given analysis, and that such 
results as would in certain circumstances indicate unsanitary 
water would in other cases indicate no such condition. For 
example results which if obtained from the water of deep wells 
would indicate certainty of contamination would carry no such 
significance if the water were from surface drainage. 

The water supplies of the state are from three sources — rain, 
deep wells, and surface drainage; this last includes shallow wells 
and springs. Of these surface drainage waters are by far the 
most important since but few people use rain water directly and 
but few deep wells have been sunk. The report in this case 
therefore deals only with surface waters. 
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We were led into this iovestigatioD by the fact that, when 
recently arrived in the state, we were called upon to pronotmce 
upoQ the purity of the water of the city of Chehalis. It was 
then learned that there were no records of aoalyses upon which 
to rest a comparisoo, and therefore no local data upon which to 
bMe A aeciaiod. No funds «ki« &t odr disposal y«i we aevutte- 
less started to accumulate such data and deeming that the most 
valuable imformation was to be gleaned from the investigation 
of the city suppliM, SUr Wotb Wft« bliUOst exdlUBively dpon them. 
In making these analyses we omitted no reasonable precau- 
tion to secure results which are accurate and conclusive. The 
waters, where possible, were collected by ourselves, and in all 
other cases careful instructions were given to persons who col- 
lected the samples fbt Us. As soon a6 possible after the receipt 
of a Sample the aaalyBls was begun and was uauBlly completed 
Upou the same day. The methods of analysis were those employed 
by the Maaaachusetts Board of Health or by the Illinois State 
Survey. Nearly all the samples were collected between Nowitl- 
ber 15. 1900 and May i| 1901, and so represent winter conditiooK. 
The results of sitnilar analyses df summer waters would add 
greatly to the value of the report. 

The results were surprising in many cases because of ths ^eat 
purity t>f the waterHi and hence it SefiAied IntCHSting to odiBt>are 
dur redults with iibiilu aDalyses oi the watM tiu^pUds el uutuu 
cities. These were (Obtained from New York, ChiMgo, St. Pttd, 
MinAeApolis, Ne« OrlflaaSi Boston and dther pUftW. Md rutUts 
could be obtaificd frotu Sftn F'ranfilacti BAd Portla&d beeauM no 
utalyees have beeti m&de. St. LouiB failed to send any tfekUlt*. 
The value of BUch work is ahown by the fact that the city of Qbt- 
halid HOW secures its supply from a purer source and thk bity of 
Ballard Will probably sedure ad ekte&sion ef the Cedar river ay»- 
tetn which furnishes the supply of Seattle. It is clear alM froBl 
our analyses that the limits of potability as laid down by th« 
Illinois survey for the waters of that state do not hbid hers. !%« 
results of dur analyses are given id the atseompanying tablsi 

The results which are given in parts per milliotl are in tOTOS 
which, for the most part, are unintelligible to the general public, 
therefore a discussion of them is necessary. 

It is well known that water in nature is never pure, but con- 
tains in solution various substances upon the character and quait- 



THE WATER RESOURCES OF WASHINGTON 



POTABLE AND MINEEtAL WATER. 



Bt H. G. Bters. 



OTY VATER SUPPLIES. 

Water surveys have been or are being made in many of the 
states. These surveys are for the purpose of determining the 
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standards of purity of unpolluted waters, and of enabling citizens 
to gain immediate and authoritative information in regard to the 
potability of any source of supply. These surveys are made at 
the expense of the state and are in some cases of great extent 
and corresponding value. 

That an abundant supply of pure drinking water is very im- 
portant for the preservation of health, and that impure water is a 
most potent factor in the development and spread of disease, are 
propositions the truth of which is unquestioned by physicians, 
scientists or the general public. It is not a matter of general in- 
formation, however, that local conditions greatly modify the 
deductions to be made from a given analysis, and that such 
results as would in certain circumstances indicate unsanitary 
water would in other cases indicate no such condition. For 
example results which if obtained from the water of deep wells 
would indicate certainty of contamination would carry no such 
significance if the water were from surface drainage. 

The water supplies of the state are from three sources — rain, 
deep wells, and surface drainage; this last includes shallow wells 
and springs. Of these surface drainage waters are by far the 
most important since but few people use rain water directly and 
but few deep wells have been sunk. The report in this case 
therefore deals only with surface waters. 
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We were led into this investigation by the fact that, when 
recently arrived in the state, we were called upon to pronounce 
upon the purity of the water of the city of Chehalis. It wss 
then learned that there were no records of analyses upon which 
to rest a comparison, and therefore no local data upon which to 
bMe « deciAion. No funds were at our disposal yet we acverthe- 
less started to accumulate such data and deeming that the most 
valuable imformation was to be gleaned from the investigation 
of the city suppljei, our work was almoBt exclusively upon them. 
In making these analyses we omitted no reasonable precau- 
tion to secure results which are accurate and conclusive. The 
waters, where possible, were collected by ourselves, and in all 
other cases careful instructions were given to persons who col- 
lected the samples for us. As soon as possible after the receipt 
of a sample the analysis was begun and was usually completed 
upon the same day. The methods of analysts were those employed 
by the Massachusetts Board of Health or by the Illinois State 
Survey. Nearly all the samples were collected between Novem- 
ber 15, 1900 and Mayi, 1901, and sorepresent winter conditioDft. 
The results of similar analyses of summer waters would add 
greatly to the value of the report. 

The results were surprising in many cases because of the great 
purity of the waters, and hence it seemed inter«ating to compare 
Our results with similar analyses of the water supplies of caatMli 
cities. These were obtained from New York, Chicago, St. Paul, 
Minneapolis, New Orleans, Boston and other places. No rasnlts 
could be obtained from San Francisco and Portland becauaa do 
analy&ea have been made. St. Louis failed to send any results. 
The value of such work is shown by the fact that the city of Che- 
halis now secures its supply from a purer source and the city of 
Ballard will probably secure an extension of the Cedar river sys- 
tem which furnishes the supply of Seattle. It is Clear also from 
our analyses that the limits of potability as laid down by the 
Illinois survey for the waters of that state do not hold here. The 
results of Our analyses are given in the accompanying table. 

The results which are given in parts per million are in tenas 
which, for the most part, are unintelligible to the general public, 
therefore a discussion of them is necessary. 

It is well known that water in nature is never pure, but con- 
tains in solution various substances upon the character and quen- 
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tity of which depends the potability of water. Rain water as it 
falls from the clouds is probably the purest obtainable without 
distillation, but even this contains dust particles and gases washed 
out of the air. As soon as water reaches the earth it begins to 
dissolve more or less of all the substances with which it comes in 
contact, becoming impure with harmless, harmful or beneficial 
ingredients. In well peopled regions the water courses are often 
simply sewers which convey away or assist in the destruction of 
the refuse organic matter of the surface. Springs many times con- 
tsiitt besides the mineral matters over which they pass, some of 
the vegetable or mineral matters through which the water has 
percolated in reaching their sources. In the case of wells con- 
tamination is usually due to the nature of the soil in which they 
are sunk, but may be added to by the infiltration of sewage from 
cesspools or privy vaults which not infrequently are situated in 
close proximity to the wells. In such cases the purifying influ- 
ence of the earth is relied upon, but which, while undoubtedly 
great, is very frequently over estimated. 

The fact that the water of a given source of supply is clear, is 
as is well known, no certificate of its purity; though lack of 
clearness, while not a certain indication of dangerous contamina- 
tion, is certainly not a desirable condition. It is true also that 
clear sparkling water contaminated by sewage may sometimes be 
used for a long time without harm to the users. No one, how- 
ever, would knowingly use such water simply as a matter of taste, 
yet there is the additional fact of the constant danger of the in- 
troduction of germs of contagious diseases where the contamina- 
tion is of animal nature. Such being the case water which is 
impure with, or subject to contamination from, matter of animal 
origin is more dangerous than water rendered foul with decay- 
ing vegetable matter. In the latter case, however, an excessive 
amount of impurities is not considered healthful and is to be con- 
sidered as rendering a water unfit for use. From all these facts 
it is clear that it is necessary for an analyst, in order to form the 
most useful conclusion from the result of his analysis to know as 
much as possible about the history of the water involved, the 
nature of the soil through which it passes, and the location of 
surrounding sources of infection. 

All waters, except in special cases, contain the same sub- 
stances and it is upon the varying quantities of these that a 
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judgment is based. The substances usually sought in a chemi- 
cal analysis, i. t., those which bear relation to sanitary condi- 
tions and the amount which it is possible for a water to contain 
and remain fit for drinking purposes are given in the subjoined 
table, which is taken from the report of the Illinois Survey : 

ParU p*r infUton, 

Total solids GOO. 

Low oalgaltlon (no blaalilDg BboiUil oeinu aod do offeiulTe i>a(ir davelop) 

Oi;g«n coDBiiined 9. 

Chlorloo a. 

Nltrogeii &s[ree oriaUne smmoDla 0.01 

Nitrogen BB albumenoM ammonU 0.06 

NUragea aa nitrites O.ODl 

Nltrogeo aa nitrates If. 

These figures are of course only approximate, even for lUinois, 
and are but a good general guide. It is to be noted that judg- 
ing by our analyses the limit for chlorine and nitrates is several 
points too high, while the limit for ammonia content is too low. 

The total solids of a water are not of very great importance 
unless they are in such quantity as to be detrimental because of 
that fact or because of their nature as determined by subsequent 
analysis. The loss on ignition is of water, which may have been 
chemically combined with the salts present, of carbon dioxide 
from the carbonates or ammonia salts, or of animal or vegetable 
matter. The last item is the one of prime importance, and 
blackening of what is otherwise a white residue is indicative of 
organic matter, which if of animal origin is likely to develop an 
offensive odor and give the analyst a clue to the nature of the 
contamination. The fixed residue consists of harmless or bene- 
ficial salts. A sample analysis is given below. The nature and 
quantity of the organic content of a water is of much greater 
importance. This consists of living or dead organisms of ani- 
mal or vegetable nature, of fcecal matter and the products of 
decomposition of animal matter. There is no direct means of 
determining their nature and amount because in the process of 
determination they undergo change. But all organic matter 
may be burned; that is, made to unite with oxygen, and conse- 
quently the amount of oxygen consumed when water is treated 
with oxidizing agents is, if always determined in the same way, 
a guide to the relative amount of organic matter present. 

More important is the fact that nitrogen is a constituent of all 
living matter, and its determination in the four forms in which 
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it may exist in water offers the best and most accurate means 
of study of those substances which render water unsanitary. 

Nitrogen as albumenoid ammonia represents the amoimt of 
nitrogen present in the form of undecomposed organic matter. 
This may consist of animal tissues, urea, f cecal matter, etc., 
substances which serve as food for micro-organisms of vegetable 
or animal nature and which includes the disease bacteria. The 
presence of much nitrogen in this form in usually indicative of 
sewage pollution or drainage from refuse animal matters. The 
quantity is likely to be normally larger than the limits given in the 
preceding table where the water passes over such quantites of 
nitrogen bearing vegetable matter as in this region. 

Nitrogen as free ammonia represents the nitrogen either as 
free ammonia or in combination with acid residues and which 
usually proceeds from nitrogenous organic matter which has 
decayed without the presence of considerable quantities of inor- 
ganic substances. It may be looked upon as proof of the exist- 
ence of organic matter in the first stages of decay. 

Nitrogen as nitrites represents the decomposition products 
of organic matter under the influence of living organisms, so 
that its presence is evidence not only of organic matter but of 
living germs as well. 

Nitrogen as nitrates represents the complete oxidation of the 
nitrogenous materials, and its presence in large amount signifies 
that the water if not now dangerous has been so and is still open 
to suspicion. Indeed our work seems to show that a much 
smaller amount than fifteen parts per million would in this region 
indicate contamination. 

The chlorides present in water serve for determining the 
purity of the water only if the location of the supply is known. 

Water may contain large quantities of salt and still be free 
from organic contamination, though whether still good for con- 
stant consumption is a doubtful question. This is the case with 
water of Port Townsend. The source of the chlorine there, as 
is evident from the location of the pumping station, is seepage 
from Puget sound which of course contains large quanties of 
chlorides. Chlorine is however a constant constituent of urine 
and excrement and, other things being equal, the presence of an 
unusual amount of it in water is proof positive of sewage con- 
tamination. 



6 Annual Report Washington Geological Survey. 

The hardoess of water is of no special sanitary importance ; 
but since, generally speaking, the harder a water the less fit it is 
for domestic purposes, the relative hardness, expressed as if it 
were all due to calcium carbonate is a guide to the culinary and 
cleansing qualities of water. 

The inorganic or fixed residue is never analyzed for sanitary 
purpose, unless the presence of some poisonous substance, as 
lead, is suspected. Its analysis is a guide to the usefulness of 
water for boiler purposes. For practical purposes the scale 
forming portions may be considered as made up of items 4, 5, 6, 
and 7 of residue analysis given below. Sometimes quantities 
more or less considerable of magnesium and other chlorides are 
present, and these are undesirable because of their corrosive 
action on bolters. Occasionally residue analyses will reveal the 
presence of ingredients of medicinal value. These will be 
referred to under the head of mineral springs. 

KESIDUB ANALYSIS Of C£DAB BtVSB WATER. 

Ormuptr MM- IrarU ptr UotuMtf >. 

ToUInolLds „ oniT 

voisuiBBoudB oam 

Noo-'olaUlB aolWli OOm 

SlUok. 0017B 

Alumloa uid oilOe ot Itod OHn 

CBlolnm BUlphato 006H 



UBgoMlum ohioride OOltt 

Sodium cUortde OOOSB 

A comparison of the analyses {^ven above reveals the fact 
that our cities have exceptionally pure water supplies. This is 
particularly true of Seattle, Tacoma, Everett, Spokane; our 
largest towns. They have their supplies from mountain streams 
and lakes which drain water sheds free from injurious contami- 
nation and to this they owe their purity. 

In a country of such rank vef;etable growth and heavy rainfall 
we would naturally expect the water to be somewhat impure. 
Indeed, the few analyses of surface waters made by us accord 
with that expection. See the analyses of wells and springs given 
in foregoing table. 

The character of our city supplies will be sufficiently outlined 
by a brief description of those of Seattle, Tacoma and Spokane. 
Seattle obtains its supply from Cedar river at a point twenty- 
eight miles from the city. The river which flows into Black 
river is the outlet of Cedar lake, which drains an area of two 



The Water Resource of Washington. 



hundred square miles, all of which is under the control of the 
city, so that its purity is assured. The water is conveyed to the 
city from the intake, by gravity alone, to the high service reser- 
voir, whence a portion is pumped by means of the surplus water 
to the stand pipe on Queen Anne hill, which supplies the highest 
parts of the city. The amount of water now conveyed to the 
city is about twenty-five million gallons per day, while the maxi- 
mum available supply is approximately three hundred millions, 
a quantity su£Bcient to supply a population of one and a half 
million on the basis of one hundred and fifty gallons per capita. 
The reservoirs at present in use in the city have a capacity of 
approximately fifty million gallons. 

The city of Tacoma obtains its supply from Clover creek, a 
small mountain stream, and from springs. These are gravel bed 
springs and, as is true also of Clover creek, are not afiected by 
local rainfall. They together can furnish a maximum daily 
supply of twelve million gallons per day of exceptionally pure 
water. 

Spokane obtains its supply from the Spokane river, which 
drains all the north and west slope of the Coeur d'Alene moun- 
tains. The supply is pumped to the city from a point about five 
miles above the city, and now supplies to the city about eight 
million gallons per day. 

These supplies, because of their purity and the ease with 
which they are conveyed to the users, compare very favorably with 
that of even Chicago, which pumps its enormous supply of i6o 
gallons per capita per day from Lake Michigan, the purity of 
which in the neighborhood of the intake is improved by the 
sewage canal connecting the lake with the Illinois river. The 
local supplies are very much of an improvement over those of 
St. Paul, Minneapolis, New Orleans and other cities. 

lynNERAL SPRINGS. 

The mineral springs of the state are numerous but have not 
been developed to any very great extent. There are hot springs 
at Madison on the Great Northern Railway, and at Green River 
Hot Springs on the line of the Northern Pacific. At both of 
these places sanitariums have been built and have become con- 
siderably frequented by seekers after health and pleasure. The 
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Madison hot springs were visited by Mr. H. G. Knight, in con- 
cection with this work, and some data in regard to them were 
obtained. Similar data in regard to the Green River springs 
were requested, but were not furnished by the owners. The 
Madison springs are on the mountain side just west of the tun- 
nel on the Great Northern, The water comes out of fissures in 
the mountain side some six hundred feet above and a mile and a 
half back of the location of the sanitarium. The supply is suffi- 
cient to fill a two-inch pipe, and is at the spring at a tempera- 
ture of about iia'^ F. The following analysis was made by Mr. 
C, Osseward, chemist for Stewart & Holmes Drug Company, 
Seattle : 

KBSUI.TS BZPaSSSED IK GRAINS PES GALLON. 



Lime 2.93 Sulptiurio aabydrlde 

Utgnenk i.l AmicoDla 

There are also mineral springs at Cascades in Skamania 
county, which have a daily How of thirty thousand gallons. 
During 1901 7,000 gallons were sold for medicinal use, and 
about ! 10,000 gallons were used for bathing purposes. A sam- 
ple of the water could not be obtained for analysis in time for 
this report. 

The waters of Medical lake in Spokane county are acquiring 
a reputation for curative properties, and an analysis of the water 
made by G. A. Mariner, of Chicago, is appended. 

ParU prr tAoutand. 

SUlco 0.1825 

AlumlQft and Iron oilde 0.0130 



.OMO 



lOM 



Magnesium oarbooace 0. 

Sodium cblorlde -. ...--....., 

PolBBBlum oblorlde , 

Sodium carbonate , 

Potassium carboaats Traoe. 

Lithium oarbonata Traoe. 

Borax Trace . 

Near Skykomish on the bank of the river about a half mile 
from the little town of Berlin, are some very interesting springs. 
They are saturated with carbon dioxide, and when the nearly 
ice-cold water is allowed to stand in vessels it effervesces vigor- 
ously. The flow from the larger of the two springs is estimated 
at from two to three gallons per minute. Both are chalybeate 
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springs and have made considerable deposits of iron around 
their mouths. The analysis of the water is given. 

Parts per thou$and. 

Solids, non-Yolatile 0.M78 

SlUca 0.0078 

Alumina and iron oxide 0.0160 

Calcium sulpliate 0.0689 

Calcium carbonate 0.6627 

Magnesium chloride 0.1008 

Magnesium sulphate 0.0086 

Sodium sulphate .0881 

Potassium chloride 0.0267 

Carbon dioxide 1.4790 

There are also mineral springs, warm and cold, in the Yakima 
Indian Reservation on Simcoe creek about fifteen miles from 
Fort Simcoe, but at the season of the year when this report was 
compiled it was impossible to get full information in regard to 
them. 

By the kindness of Mr. Joseph Parrott, of Glenwood, we 
have considerable information regarding a rather large number 
of hot springs and cold mineral springs along the Klickitat river, 
south of Mount Adams. These seem of such interest that an 
effort will be made to carefully investigate them and include the 
report upon them in a future report of the survey. 

Near Bremerton there is a mineral spring which was formerly 
a favorite resort of the Indians who not infrequently camped 
near it to obtain renewed health and vigor. Its analysis shows 
ingredients which render probable its medicinal value. Analysis 
by H. G. Knight : 

Parts per tKotuand. 

Non-volatile soUds 0.46104 

SlUca. 0.01884 

Alumina and iron oxides .04704 

Calcium sulphate 0.046886 

Magnesium chloride 0.04006 

liagnesium sulphate .07790 

Sodium sulphate 0.28686 

Lithium sulphate .02128 

ALKAU LAKES. 

The alkali lakes of the state are neither numerous nor large. 
Among the largest are Moses lake, Blue lake and Sanitarium or 
Soap lake. These together with numerous temporary ponds and 
a chain of fresh water lakes occupy the former bed of the Colum- 
bia — the Grand Coulee. 

Mose^ lake, which lies about twelve miles southeast of 
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Ephrata on the Great Northern Railway, is about eighteen miles 
loDg and a mile wide, and is very shallow. The average depth 
is approximately twenty feet. It lies in a shallow basin with 
low banks, so that a rise of but a few feet would inundate a large 
section of country. The water is unfit for drinking purposes, 
but is not strongly alkaline and could probably be used in irri- 
gation. The section of country in which these lakes are located 
is, of course, very dry and supports only a scanty vegetation. 
Where there is water, however, the soil is very fertile. The 
lake drains a large area through upper Crab creek. It has no 
outlet but across its foot lies a low range of sand hills through 
which the water seeps into the sources of lower Crab creek, 
which occupies the bed of the canyon below. Along this can- 
yon lie numerous shallow ponds which dry up in summer. The 
deposits left by these are not of any considerable value, though 
they contain an appreciable quantity of borax. 

An interesting feature of Moses lake is the fact that it is 
gradually rising, having risen about ten feet in the last seven 
years. If it continues to rise through a few more feet it will 
break through a clear course into lower Crab creek and empty 
into the Columbia. 

The analysis of the water of Moses lake is as follows. The 
analysis is by H. G. Knight: 

Pcait p*r Uunitand. 

ToUlsolIdB 0.82367 

VoltUle •oU'lB 0. 10016 

Noil-TOl»tU« soUdB 0.22383 

SlUo*. 0.OIMZ 

Alumina »ad troD oilile O.OOtSl 

Calolum oarbonktfl O.OSaSS 

HBgneslam oubonkte. 0.0TS2S 

Sodium BOlphBte 0.012SB 

Boalum oUoriae o.oins 

Sodium oarbaukte O.IOOU 

More interesting is the so-called Soap lake, or Sanitarium 
lake, situated about six miles north of Ephrata. This lake is 
so-called because it is so strongly alkaline as to be soapy to the 
touch, and when a strong wind blows across It the water along 
the shore is beaten into great rolls of foam. Fish can not live 
in the water, nor is there any vegetation in this as in Moses lake. 
The water is used for bathing, but to those unaccustomed to its 
use the water has a slightly caustic or irritating efiect. It is also 
claimed that it is useful medicinally. There is much of peculiar 
interest about the lake. It is about two and a quarter by three- 
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quarters miles in extent and is very deep in places and probably 
averages about forty feet. It drains only a very small area of 
country and has neither inlet nor outlet in the form of streams. 
It is located in a deep basin walled to the height of one hundred 
feet or more on the east and west by cliffs of black basalt. The 
land to the north and south rises slowly ; on the south to nearly 
the height of the cliffs, but on the north the rise is so slight that 
should the lake rise fifteen feet it would empty in the next of 
the chain of lakes to the north. The source of the water of the 
lake is said to be a spring in the center. The Indians of the 
neighborhood assert that only a few years since the lake was 
very small and was fed by this strongly alkaline spring. Fresh 
water is however continually seeping in from the shores, as is 
shown by the fact that fresh water wells may be sunk even but a 
few feet from the shore, and that the cattle disliking the strongly 
alkaline water face the shore to obtain the sweeter seepage. 
The water of the lake contains calcareous matter to such an 
extent that the stones and debris at the bottom are incrusted 
with a frost-like coating of calcium carbonate. 
The analysis of the water is as follows : 

Parts per thousand. 

Total soUda 28.2669 

Volatile solids 0.62508 

Non-volatile solids 27.64186 

SUica 0.12816 

Alumina and iron oxide Trace 

Calcium sulphate Trace 

Calcium carbonate Trace 

liagneslum sulphate 0.89099 

Sodium sulphate 6.84872 

Sodium chloride 6.81884 

Sodium carbonate 14.06901 

Potassium carbonate 0. 61177 

Lithium sulphate Trace 

Phoshorus pentoxide 0. 12018 

Carbon dioxide (semioombined) 1.87064 

Borax None 

Iodine None 

Free anunonia 08400 

Albumenoid ammonia 1.1060 

The speoiflo gravity 1.0260 

A more extended investigation of the waters of the state would 
be of value. This is especially true of the mineral waters, which 
have indeed received but scant attention. 

The greater part of the work and most of the analyses repre- 
sented in this report are due to Mr. H. G. Knight. 
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ARTESIAN WATER. 
By C A. RCDDT. 

INTROIXJCTiON. 

The fuadsmeDtal principles governing the Sow of anesiaa 
water are simple and readily grasped by anyone. It is only aa 
itlustrattoD of the well known fact that "water seeks its own 
level." The prime requisite is to have a water-bearing stratum 
overlaid and underlaid by impervious strata, and to have its sur- 
face outcropping at a higher elevation than the surface of the 
ground where the proposed well is to be sunk. Although so 
simple theoretically, yet practically the problem has many 
factors by no means easy of solution. 

Our knowledge of the conditions underlying the surface of 
the earth is very imperfect at best. Usually the surface out- 
cropping of the strata are more or less obscured by a mantle of 
soil, so that it is often difficult to determine accurately the dip of the 
rocks or their exact physical structure. The ideal conditions of 
a tynclinal valley with clearly defined strata outcropping on its 
elevated edges as usually figured in the text-books seldom occurs 
in nature; the actual conditions are not necessarily more complex, 
but they are more obscure. 

In studying the formation of the rocks in any locality with a 
view to the possiblity of obtaining artesian water it is well to know 
just how much dependence can be placed on surface indications. 
Strata which at their outcrop may have all the appearances of 
being good water-bearers may at a short distance below the 
surface of the ground change into perfectly impervious strata, 
without in any way breaking the continuity of the beds. This 
change in structure may be either favorable or unfavorable, 
according to the other conditions of the basin. Likewise the 
strata above or below the water-bearer may at their outcrop be 
perfectly impervious and yet change in their nature so much 
that at the locality where the well is to be sunk they will not 
hold water at all. 

Strata are not usually continuous over wide areas. They 
are more or less lenticular in shape, being usually thickest 



I 



The Water Resovrces of Washington. 13 

towards the center and gradually thinning out as the edges are 
approached. The same bed may change from coarse to fine, 
from conglomerate to sandstone, and even to shale. 

When the rocks of a region have been greatly folded and 
faulted there is not much use trying to find artesian water in 
them. This does not apply to long, open folds unaccompanied 
by fracturing, but to close folding and crushing, caused by great 
lateral pressure. The fact that the rocks are in such a distorted 
condition shows that they have been subjected to enormous 
pressure, which would have the tendency to compress them so 
much that they would lose most of their water-carrying proper- 
ties. Their position, too, would usually preclude the possibility 
of water being carried any distance under ground. Where rocks 
in this condition occur it is impossible from surface indications 
to determme where water would likely be found. 

It is useless to look for water in the older crystalline rocks, 
such as granite, gneiss or schist, so that when in drilling a well 
rocks of this nature are encountered, there is no use going any 
deeper. 

When the drilling of a well for artesian water is contemplated, 
the geological structure should of course be carefully worked out 
as far as surface indications will permit. Very often the per- 
vious stratum, on account of its unconsolidated or friable condi- 
tion, is more easily eroded than the enclosing beds, so that it is 
more likely to be found in the bottom of a valley than forming 
the hill tops. When such a valley floor is at a greater elevation 
than the surface of the ground where the proposed well is to be 
sunk, this position of the outcrop is more favorable than other- 
wise, because it permits of the water being held over the surface 
of the outcrop for a greater length of time, and thus gives more 
of it a chance to soak into the rocks. The area of surface ex- 
posed of the water-bearing bed should also be taken into consid- 
ration when estimating the probable quantity of water taken 
into the rock. The area multiplied by the annual rainfall will 
give the total amount of water which falls on the outcrop, but it 
must be borne in mind that not all the water which falls as rain 
soaks into the rock. A part of it runs off in the streams or is 
taken into the air again by evaporation. The drier the region the 
less the amount carried off by streams and the greater the 
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amount lost by evaporation. Sometimes the outcrop, as in the 
case of the valley mentioned above, receives the drainage of 
aurrounding areas, and thus its available supply is augmented. 
The porosity of the rock at its surface will of course 
also have its share in determining what proportion of the 
rainfall is absorbed by the rocks and what escapes by other 
means. These considerations are of most importance in arid re- 
gions where the wells, even if succcessful, are liable to fail in 
time, owing to the inadequate supply. 

An ordinary red brick will absorb its own weight of water. 
Coarse grained sandstones absorb water very readily, except 
where the spaces between the grains have been filled in by ma- 
terial carried there in solution. The finer the grains the less 
readily will water pass through. Fine shales and clays are al- 
most entirely impervious, so that in an artesian basin they make 
a good upper and lower layer to keep the water from escaping. 

The water may escape either upward or downward by 
means of fissures in the enclosing beds. Surface outcroppings 
give little indications of the existence of such defects, but in a 
general way it may be said that the less the beds are consoli- 
dated and the less they have been upturned from their original 
horizontal position, the less likely they are to be fissured. Lime- 
stones, when not fissured, are usually quite impervious, but they 
are more likely than any other rocks to contain underground 
channels, so if they form either of the enclosiog beds of the sup- 
posed water-bearing stratum, they should be viewed with con- 
siderable suspicion. 

Theoretically, the water should rise in the wells as high as 
its own head, but as a matter of fact it never does. The fric- 
tional resistance offered by the rock through which the water 
passes, and to a lesser extent, that offered by the walls of the 
well itself, has the effect of reducing the height of the column 
of water. The difference in height between the water in the 
well and at its source in the rock is greater or less depending 
upon the texture of the rocks, the amount of leakage, the dis- 
tance the water has to come, and to a much lesser extent, the 
diameter of the well. Rocks of fine texture offer a very much 
greater resistance to the passage of water than those of coarse 
texture. The larger the diameter of the well the less the resist- 
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ance offered to the ascending column of water. The discrep- 
ancy between the theoretical height of the water and its actual 
height can not be accurately determined beforehand, but allow- 
ance should always be made for it. This is particularly neces- 
sary where the head is not very great. 

In some of the older geological formations of the eastern 
states the strata are often continuous over thousands of square 
miles, but in this state none of the geological formations have 
strata continuous over wide areas. The sedimentary beds 
change from coarse to fine and thin out rapidly. This goes to 
show that it is hazardous to assume what the conditions are 
below the surface from the appearance of the outcrops, even a 
few miles away. To the practical man looking for artesian 
water in this state we would say, pay less attention to the char- 
acter of the rock at its outcrop than to its dip. By a careful 
study of the dips and elevations good artesian conditions can 
often be discovered. Whether the rocks are pervious or imper- 
vious is largely a matter of guess work until a well has been 
actually sunk and the facts ascertained. 

In a large number of places in the arid regions of central 
Washington it is not possible to obtain water for irrigation pur- 
poses by means of canals, owing to insu£Bcient water in the 
streams. In these localities the only salvation lies in finding 
artesian water. It is perhaps too much to hope that it will be 
found over very wide areas, but by careful investigation new 
localities may be found where the position of the rocks would 
justify the attempt. 

By referring to the chart issued annually by the United States 
Weather Bureau, showing the annual precipitation in different 
parts of the state, it will be seen that there is a large area in 
central Washington between the Cascade mountains and the 
Columbia river, and for some distance east of that stream, where 
the annual rainfall is less than eighteen inches. While eighteen 
inches per annum is usually considered the minimum amount 
with which agriculture can profitably be carried on, yet there 
are a number of conditions of soil and climate which vary this 
amount for different regions. Soil which is made up largely of 
sand or gravel or has either of them for a subsoil quickly loses 
its moisture and dries up. In certain parts of western Wash- 
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iogton south of Puget sound where the annual precipitation is 
very heavy, there are soils of this nature on which the scanty 
vegetation withers up during the 6rst few hot days of summer. 

On the contrary, within the big bend of the Columbia, known 
as the "Big Bend Country," the soil is a deep, rich loam formed 
by the decomposition of the underlying basalt. The rain and 
snow of winter and early spring soak through the soil and fill 
up all the crevices of the rocks. Then when the dry weather 
comes these act as reservoirs and the water is gradually brought 
to the surface by capillary attraction and made available for the 
crops. In the country about Waterville, where these conditions 
occur, good crops are produced with an annual rainfall of about 
thirteen inches. 

Where the rainfall is scanty it makes considerable difference 
how it is distributed throughout the year. To be of most use for 
crops the rain should come during the growing season. Where 
this is the case comparatively little rain will suffice. 

Artesian water is of course of most value in arid regions, 
especially if the quantity is sufficient for irrigation. For this 
reason more attention ought to be paid to its exploitation in 
regions where the rainfall is light than where it is sufficient for 
agriculture. Nevertheless a good flowing well is of value almost 
anywhere. 

YAJOHA VALLEY. 

In this state the greatest progress in developing the artesian 
water supply has been made in the Yakima valley. 

The oldest rock which outcrops in this valley is the Columbia 
lava, of Miocene age. It forms part of the great lava field which 
covers southeastern Washington and Oregon and extends south- 
ward and eastward into Idaho, Nevada and California. In 
Yakima county it is made up of a succession of flows varying in 
thickness from a few feet to a hundred or more, the line of con- 
tact between the layers being usually very well marked. Some 
layers show a marked difference in jointing from those above and 
below. The rock is a very dark basalt, usually quite compact, 
but often more or less vesicular. In many places beds of vol- 
canic tuff are found between the basalt flows. Basalt, in its 
molten state, is one of the least viscous of lavas. When in its 
liquid state it is poured forth from a vent, instead of building up 
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a cone it spreads far out as a nearly horizontal sheet. For this 
reason we find no volcanic cones in the Columbia lava field. 
Each flow found its way to the surface through a fissure which 
was afterwards covered up by succeeding flows. The interval of 
time between successive flows in this region must have been in 
some cases many years, and even centuries. Sufficient time 
elapsed for soil to form and forests to grow thereon before being 
overwhelmed by the next overflow. This is shown by the 
presence of charred wood between the flows of lava. 

During the long ages in which the older rocks were becoming 
more and more deeply submerged by the molten flood, there was 
little folding or tilting of the rocks in this region. The Cascade 
mountains were very much lower than at present, especially in 
the southern part of the state. When the outflows of basaltic 
lava had almost ceased, there came a change, so that the region 
now forming the valley of the Yakima formed part of the bed of 
a great fresh-water lake. This lake existed so long that sedi- 
ments more than a thousand feet in thickness were deposited on 
its bed. It was a time of great volcanic activity, as shown by 
the character of the sediments. These are largely volcanic ash 
and broken fragments of pumice. The eruptions which furnished 
this material were largely of the explosive type, rather than the 
quiet outflows which characterized the formation of the Columbia 
lava plain. Along the ancient shore line conglomerate beds occur, 
made up of boulders of light-colored andesite and other volcanic 
rocks. The great variations of the beds show that the oscilla- 
tions of the land were comparatively rapid and irregular. Some- 
times the water of the lake would recede and the streams would 
cut rapidly into their soft sediments ; then the waters would 
encroach agam and new sediments would be spread out, leveling 
off the old irregularities. 

At intervals throughout the period in which the lake sedi- 
ments were accumulating, there came belated outbreaks of ba- 
saltic lava which spread out over the soft sediments. These 
were the last convulsive signs of life of those great volcanic 
forces which were active throughout a great part of the Miocene 
period and which caused the formation of the Columbia lava 
fields, the greatest body of lava in the known world. 

After the lake was finally drained the greater part of the sedi- 



18 Anntud Report WaahiTigton Geological Survey. 

ments were carried away by erosion, but remnants still remain. 
They form the light-colored sedimentary beds outcropping in 
places in the Yakima valley and about its borders. These are 
the rocks in which artesian water has been found. They form 
what is known as the Ellensburg formation, and are of Miocene 
age, as shown by the fossil leaves preserved in them. The most 
extensive outcrops are seen alon^ the Natches river and at White 
Bluffs, on the Columbia. 

At the close of the period just described, the region to the 
westward was gradually uplifted so as to form the Cascade 
mountains. At the same time or later, a series of low east and 
west folds were formed between the Columbia river and the Cas- 
cades, nearly at right angles to the axis of the mountain range. 
The ridges are not due to faults, as formerly supposed ; they are 
all anticlines, while the valleys between them are synchnes. 
Atanum creek occupies one of these synclines, and the Natches 
river another. The crests of the ridges have been almost en- 
tirely denuded of the Ellensburg beds, so thai only the basalt is 
left. One of these, known as the Selah ridge, borders the 
Yakima valley on the north, and another, the Yakima ridge, 
borders it on the south. The Yakima river has cut gaps through 
the ridges and crosses them at right angles. It evidently had 
its course established before the folding began ; then as the 
folds arose slowly the river kept pace with them, cutting down 
its channel. 

At some period later than the Miocene, a great stream of 
Uva came Sowing down from somewhere between the head- 
waters of the Nachez and Tteton rivers, covering the hills and 
obliterating the valleys. It reached as far east as the mouth of 
the Cowiche creek and then stopped. The rock is a very dark 
andesite. It forms a conspicuous landmark, standing as bold 
cli3s on the lower Tieton and at the junction of Cowiche creek 
with the Naches river. It is safe to say that nowhere on the 
surface of this lava can artesian water be found. It stands at 
too high an elevation, and any water contained in the beds be- 
low would find a readier outlet by means of springs along the 
base of the cliffs where the andesite meets the underlying rocks. 

As shown by the geological map, the Ellensburg beds extend 
westward a mile or two beyond Tampico postoffice and occupy 
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practically all of the valley below that point. The city of North 
Yakima stands at an elevation of about 1,067 ^^^^ above sea level. 
Ellensburg beds have been traced twenty miles west of that 
point to an elevation of 2,350 feet. On the hills north of Tarn- 
pico postoffice they outcrop as beds of conglomerate, sandstone 
and volcanic ash, dipping slightly to the eastward. 

North Yakima had a total precipitation in 1900 of 7.22 inches. 
To the westward as the mountains are approached the precipita- 
tion increases. It seems probable that most of the water which 
finds its way into the strata falls upon the western border of the 
Ellensburg, and gradually finds its way down into the the lower 
part of the valley. 

The two synclines occupied respectively by the Naches river 
and Atanum creek in their upper valleys gradually merge into 
one as they approach the Yakima river. Where the Yakima has 
cut its way across the valley there is only one syncline. On both 
the tiorth and south sides, parallel to the longer sides of the 
valley, the beds dip towards the valley at a steep angle. On the 
eastern and western sides they dip more gradually. The valley 
is underlaid by Ellensburg beds to a depth of over a thousand 
feet, while along the elevated edges it has all been eroded away, 
leaving the bare basalt ridges. 

A large part of the rain which falls on the ridges is absorbed 
by the rocks as soon as it reaches the porous beds at the base of 
the hills. Along the western border of the basin the tops of the 
hills are at such an elevation as materially to increase the rainfall. 
Atanum creek flows over the Ellensburg beds for a number of 
miles, and from measurements made of its volume at different 
places along its course, it is evident that a considerable part of 
it is absorbed by the rocks. 

The part of the valley east of the Yakima river is known as 
the Moxee valley. It is here that nearly all of the artesian wells 
are located. There are now more than thirty wells within an 
area of six square miles. The following table, taken from the 
report of Mr. George Otis Smith on the Geology and Water Re- 
sources of a Portion of Yakima County, Water Supply and Irriga- 
tion Papers of the United States Geological Survey, No. 55, gives 
most of the important information concerning these wells: 
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It is estimated that the total area irrigated by these wells 
amounts to about 1,650 acres. Some of them are said to be de- 
creasing in volume, and in some iastances even to have ceased 
flowing altogether. This may be due to caving of the wells due 
to improper construction. It is quite possible, of course, that 
the basin may now be developed to its full capacity, so that the 
drilling of more wells would not increase the total flow. If such 
were the case, the water which would flow from new wells would 
simply decrease by that much the amount which flowed from 
the other wells. Heretofore the wells have been allowed to flow 
freely throughout the year, but at the last session of the State 
Legislature a law was passed compelling owners of wells to keep 
them closed from the ist day of October in any year until the ist 
day of the following April. This does not prevent the use of 
water for stock or for domestic purposes. The effect of this law 
will be salutary in preventing the waste of water during the season 
when it is not necessary for irrigation, and will greatly increase 
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the capacity of the basin. The amount of land in this part of 
valley which can be brought under cultivation is limited only by 
the supply of water. 

On the western side of the Yakima river the demand for ar- 
tesian water is not so urgent. A number of canals bring water 
from the Naches river, and supply all the lower part of the val- 
ley. Other canals utilize the waters of Atanum creek. Up to 
the present time only one artesian well has been drilled west of 
the Yakima. This is on the farm of Mr. George Wilson, in 
Wide Hollow, and irrigates about fifty acres. It is important 
as showing the presence of artesian water in this part of the 
valley, so that the problem is simplified for any one who in the 
future wishes to sink a well in the same locality. 

KITTITAS VALLEY. 

In the Kittitas valley, in which the city of Ellensburg is sit- 
uated, the same geological formations occur as in the Yakima 
valley farther south. Its basin-like structure, however, is not 
so clearly marked. The valley is underlaid by the EUensburg 
formation to an unknown depth. On every side of the valley 
the enclosing hills are of basalt. The Yakima river flows 
through the valley from northwest to southeast and escapes 
through a deep notch cut in the enclosing ridge. A well was 
sunk in the valley a number of years ago and is said to have 
reached basalt at 700 feet. Water came up within 40 feet of 
the surface. Mr. Smith, in the report previously referred to, is 
of the opinion that the chances of obtaining artesian water are 
sufficiently favorable to justify the drilling of another well. 

WHITMAN COUNTY. 

About the only other locality in the state where an artesian 
basin has been developed is in Whitman county. Flowing water 
has been struck at a number of places in the county, but the 
most important basin lies within the town of Pullman. This 
locality is within the limits of the Columbia lava field, but is 
not more than a dozen miles from its eastern border, where the 
lava lies against the flanks of the mountains of western Idaho, 
which are composed of ancient crystalline rocks. At several 
places north and south of Pullman there are isolated buttes of 
crystalline rock entirely surrounded by the lava, which repre- 
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sent the highest peaks of the ancient land surface which was 
submerged by the lava. Steptoe and Kamiack buttes are the 
most conspicuous. In Snake river canyon, a few miles to the 
southward, sections of the lava are exposed, which Russell* has 
estimated to be as much as 5,000 feet in thickness. This goes 
to show the extreme ruggedness of the old topography. The 
lava sheets have been upturned only in a very slight degree from 
their original horizontal position. Between some of the layers 
of basalt there can be seen the evidence of forest growth, show- 
ing that a considerable interval of time must have elapsed, in 
some cases at least, between the successive flows. In some 
places beds of sand occur between the sheets. These probably 
indicate the courses of streams which flowed over the lava dur- 
ing the interval between flows. The sand beds act as reservoirs 
for the storage of artesian water. 

At Pullman there are about a dozen flowing wells in the 
lower part of town. In putting down these wells the drillers 
hrst penetrated a layer of basalt and finally reached sand at a 
depth of seventy or eighty feet. Flowing water was found in 
the sand. These wells have now been flowing for a number of 
years and do not show any diminution in volume. Besides a 
number of private wells, the city has one from which the whole 
town is supplied. 

At the town of Palouse, Whitman county, there are four 
flowing wells. The geological conditions are the same as at 
Pullman. Black basalt was first penetrated and water found in 
the underlying sand. 

It is evident that little can be foretold as to where water is 
likely to be found in the Palouse country. The rocks are so 
nearly horizontal that it is difficult to identify a basin. The 
beds of sand are of limited extent and usually do not outcrop on 
the surface. The most favorable positions for sinking wells, of 
course, are the lowest parts of the valleys. There is a wide ex- 
tent of country where flowing waters are liable to be found. 
The rainfall in this part of the state is sufficient for agriculture 
and good non-flowing wells for domestic purposes can be found 
almost anywhere, so that the finding of artesian water is not of 
such vital importance to the welfare of the community as it is 
in the arid region to the westward. 

• RuMetl : Walei Supply kud Irrigation Papers. No. 1 U. S. Q«aL Sune;. 
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The arid and semi-arid region of the state includes all of 
Douglas, Franklin and Adams counties, the eastern parts of 
Kittitas, Yakima and Klickitat, the western halves of Lincoln 
and Walla Walla, and parts of Okanogan and Chelan counties. 
In certain parts of this ' region, as in the vicinity of Waterville, 
farming is carried on with more or less success, but water is used 
for irrigation wherever it is possible to get it. By far the 
greater part of this arid region is very sparsely inhabited, and is 
so dry that it is not fit for grazing purposes, except during a few 
short weeks in spring. The average annual rainfall for the last 
ten years varies in different parts of the region from six and a 
half to sixteen inches. The available water in the streams is 
sufficient to irrigate only a small proportion of the total area, 
even when utilized to its fullest possible extent. 

In the region west of the Columbia river, it is not unreason- 
able to expect that the artesian conditions which exist in the 
Moxee-Atanum valley may be duplicated in other places where 
the geology is somewhat similar. South of the Moxee-Atanum 
valley the country between the Cascade mountains and the Col- 
umbia is traversed by several east and west ridges similar in ap- 
pearance to those to the northward whose structure has been 
shown to be anticlinal. If these southern ridges are also anti- 
clines, which seems probable, the troughs between them ought 
to form artesian basins. Priest rapids, on the Columbia, marks 
the point where one of the east and west ridges has been up- 
raised across the course of the Columbia. A careful study of 
the structure of these southern valleys would be necessary in 
order to determine whether or not it was worth the while to 
drill in them for water. East of the Columbia the conditions 
will probably be found to be somewhat different. The streams 
are nearly all small and have cut deep trenches in the basalt 
plateau. They can irrigate only small patches at best, and they 
usually run dry at the season when they are the most sorely 
needed. Where not too deeply dissected, artesian water may be 
found in isolated areas throughout this region in basins similar 
to those discovered in Whitman county. 
3— V 
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WATER POWER. 

By r, e. Heine. 



» INTRODUCTION. 

Washington coataios the greatest amount of water power of 
any state west o£ the Mississippi. The extremely heavy raiofali 
o( the Cascade and Olympic mountains supplies the water for a 
large number of short, swift rivers which come tumblicg down 
out of the mountains with a fall, in many instances, of several 
thousand feet in a very few miles. The Cascade mountains have 
been very appropriately named ; everywhere along the upper 
reaches of the streams which head in these mountains one can 
see foaming cataracts and cascades alternating with stretches of 
more quiet water. The aggregate potential power contained in 
these streams is inconceivably great. The snow accumulates in 
the mountains to great depths in winter and melts off gradu- 
ally during the summer, thus insuring a fairly uniform volume 
of water throughout the year. 

In western Washington the greatest floods usually occur la 
December or the latter part of November, These are due to the 
heavy autumn rains which come at a season when the temperature 
in the mountains is not low enough to convert the moisture into 
snow. Again in the latter part of May, or early part of June, 
there are floods in all the rivers flowing down from the moun- 
tains. The floods are brought about at this time by the rapid 
melting of the snow during the first few hot days of summer. 
These floods are especially high in the tributaries of the Colum- 
bia and in that river itself. Cloudy weather during April and 
May, followed by a very dry, hot speli, will send all the rivers 
booming, and the floods are frequently very destructive. In west- 
ern Washington the spring floods are not so high as they are along 
the eastern slope of the Cascades and in the Okanogan high> 
lands. The climate of western Washington is more equable ; 
there are no rapid changes from one extreme to the other, such 
as we And east of the Cascades, and therefore the snow melts at 
a more uniform rate. The streams gradually decrease in vol- 
ume as summer advances until the fall rains come again. la 
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August and September they are at their lowest. All of the 
larger streams which head in the Cascade and Olympic ranges 
have at least some of their tributaries fed by glaciers. In the 
late summer after all the snow has disappeared from the exposed 
mountain sides and even the sheltered ravines, the glaciers on 
the highest peaks still continue to feed the streams which issue 
from them. 

In estimating the available water power of a stream the cal- 
culations are of course based on the volume of water which the 
stream carries when it is at its lowest. In many cases where the 
stream gets too low, storage reservoirs could be built. 

The Columbia river is the master stream of all eastern Wash- 
ington. It has a minimum volume of about sixty thousand 
cubic feet per second, and in its course through the state has a 
total fall of about thirteen hundred feet. In a number of 
places along its upper course power could no doubt be taken 
from it. Many of its larger tributaries are rapid streams with 
immense undeveloped water power. In some places, as at Spo- 
kane falls on the Spokane river, and at Prosser falls on the 
Yakima, the power is already being utilized. 

The western slope of the Cascade mountains is approximately 
parallel to the axis of the valley of Puget sound and its southern 
extension to the Columbia. This valley region is the most 
populous part of the state and is rapidly taking rank as a manu- 
facturing center. Power for street railways, for electric lighting, 
and for all kinds of manufacturing purposes is necessary, and 
the problem of the cheapest way of obtaining it is one whose 
solution has great practical bearing upon the future welfare of 
the community. The great plant installed by the Snoqualmie 
Power Company at Snoqualmie falls will serve as an object les- 
son and an example of what can be done along this line. The 
number of places in western Washington where plants similar in 
kmd but smaller in size could be installed is very large. 

The Blue mountains lie in the extreme southeastern corner 
of the state. The annual rainfall on these mountains is from 
twenty-two to twenty-four inches. After the last of the snow 
melts upon their summits in the spring there is a long dry sea- 
son, during which the streams get very low. For the greater 
part of the year, however, they possess an abundant water power 
which could be utilized for many purposes. Some of the streams 



have already been harnessed, as io the case of Mill creek from 
which the city of Walla Walla derives power. 

SNOQUALHIE FALLS. 

The great falls of the Snoqualmie river are situated in the 
western foothills of the Cascade mountains, about 25 miles east 
of Seattle, and 34J4 miles northeast of Tacoraa. The river 
proper commeoces about three miles above the falls, at the 
junction of three tributaries whose origin is in the snow fields 
of the Cascades. The flow of the river is about 1,000 cubic 
feet per second during the driest season, and about ten times 
as much during the periods of high water. The river has a ver- 
tical drop of 270 feet at the falls, giving a minimum available 
energy of 30,000 horse-power. 

The present plant is somewhat unique in its construction, 
inasmuch as the water wheels and electrical machinery are in- 
stalled together in a large underground chamber, whose floor is 
directly above the tail-race tunoel which extends to the river 
below the falls. 

A shaft 10x27 f^^t has been sunk into the rock about 300 
feet above the falls, and at the bottom of this is excavated otit 
of the solid rock a cavity 200 feet long by 50 feet wide and 30 
feet high, and from this cavity a tunnel serving as tail-race 
extends to the foot of the falls. 

The water is received from the river through a masonry intake 
and conducted down the shaft to the water wheels through a steel 
pipe seven and one-half feet in diameter. 

The generating plant consists of four electric generators, each 
driven by a Doble water motor of 2,500 horse-power coupled 
directly to it. Two exciters of 75 kilo-watt each and one ele- 
vator operated by a water wheel complete the power equipment. 
The generators deliver current at 1,000 volts, which is raised to 
30,000 at the transformer station above the power house. 

The Snoqualmie Falls Power Company furnishes power for 
both lighting, railway and general power purposes, and it is ex- 
pected that many of the manufacturing plants of Seattle and 
Tacoma will soon be operated by Snoqualmie power. At Issa- 
quah, Renton and Auburn, power is used for lighting. In Seat- 
tle all the stationary motors, the entire municipal street-lighting 
system, several large mills and half of the street railways are 
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operated by Snoqualmie power, while at Tacoma all the lighting 
circuits, street railways and many motors are run from the same 
source. 

The plant now installed develops a total of 10,000 horse- 
power. A transmission line to Everett, 35 miles distant, is 
proposed, where a smelter, paper mill and other factories are 
expected to be operated by electricity. By the erection of a 50- 
foot dam above the head works, a reservoir having an area of 15 
square miles and average depth of 25 feet could be formed. 
This would almost double the power, should the demand call 
for it. The shaft will accommodate another penstock of the 
same capacity as the present one, and both intake and tail-race 
have been built for double the capacity. Another chamber and 
additional machinery are the only extensions necessary to double 
the capacity of the plant, and these have been under considera- 
tion by the company. 

The Snoqualmie Falls Power Company does not engage in 
the distribution of power to small customers, but sells power in 
large quantities to customers at moderate prices. The Seattle 
Electric Company and Seattle Cataract Company are among the 
largest consumers, using nearly two-thirds of the total power 
generated. 

SPOKANE FALLS. 

Within the city limits of Spokane, and in close proximity to 
the manufacturing center, a series of falls are encountered by 
the Spokane river, aggregating a total of about 130 feet. The 
Washington Water Power Company owns and controls practi- 
cally all of the available water power at that place, and furnishes 
power, either in the form of electric energy, or by leasing a part 
of the water supply to parties wishing to use the same. 

A portion of what is called the *< lower falls" is at present 
used for the development of power, and a number of flumes have 
been built from a dam 200 feet wide, situated at the head of 
these falls, to a power house located about 600 feet below this 
dam. The available head of water is 70 feet, which after reduc- 
tion for height of water in the tailrace, is reduced to an eflective 
head of 68 feet. The flumes are built of steel, of circular cross- 
section ; two of them are each seven feet and one ten feet in 
diameter. The velocity of the water in the flumes is approxi- 
mately six and one-half feet per second, and with the present 
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electrical equipment about 5,300 horse-power are carried on the 
switchboard. 

The power generated is used for the operation of the street 
cars, the iigbting of the street lamps, stores and private resi- 
dences, and furnishing power to the various manufacturers in 
the city. 

During the past year the Washington Water Power Company 
has installed two looo-horse-power generators, one for operating 
the street railway system and the other for lighting and power 
purposes. 

The conditions for development of additional water-power at 
Spokane are decidedly favorable. The capacity of the falls ex- 
ceeds the demand. During the driest months of the year the 
quantity of water discharged at the falls is never less than 2.000 
cubic feet per second. The present equipment of the plant 
utilizes scarcely 1,000 cubic feet per second, or scant fifty per 
cent, of the available water, which goes to show that the output 
of the plant can be doubled by additional Sumes without in- 
rereasing the head. 

f The Washington Water Power Company has already com- 
pleted plans for the addition of two flumes, each ten feet in 
diameter, for the operation of a long-distance power- tan smiss ion 
line to the Coeur d'Alene mining district, about ninety miles 
east of Spokane. 

The Coeur d'Alene region is one of the great mining centers 
of Idaho, and the operation of the various types of mining ma- 
chinery calls for a large amount of power, which has been found 
most suitable and flexible in the form of electricity. 

The proposed transmission system is to be three-phase with 
a step-up transformer station at the power house, the line pres- 
sure to be 45,000 volts. Two pole lines are planned for one cir- 
cuit each, copper conductors, although until the demand for 
power requires it, but one circuit will be put up. 

By the addition of this machinery the total output of the 
plant will be increased to very nearly 13,000 horse-power, and 
will enable the company to supply light and power to parties in 
the vicinity of the transmission line. 

In spite of the fact that Spokane is subject to considerable 
extremes of temperature, the Spokane river never freezes up 
and anchor ice is unknown, nor is the variation of head between 
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the tail-race and head falls very large. These two facts permit 
a closer regulation of the water-wheels than is the case in many 
water-power plants. 

Should conditions demand it, the great natural reservoir, 
Coeur d'Alene lake, could be used as a storage reservoir, 
whereby the output of the plant would be increased by about 
25 per cent. The Washington Water Power Company has not 
found it necessary to develop the power of the upper falls, which 
would yield an additional head of 60 feet of water. The com- 
pany, however, will lease portions of these falls to parties de- 
siring to develop their own power, or will furnish them with 
electric power directly, which might be a more simple proposi- 
tion for an intending customer. 

It is only a question of time when the manufacturing indus- 
tries of Spokane will have reached a stage when nearly 20,000 
horse-power will be required. The total available horse-power 
has been variously estimated, but in all probabilities does not 
fall below 30,000. 

MILL GREEK, NEAR WALLA WALLA. 

In the spring of 1901 the Walla Walla Gas and Electric 
Company completed a water-power plant for the supply of elec- 
tric current to Walla Walla. The plant is situated five miles 
east of the city on Mill Creek, and is operated on the mono- 
cyclic system supplemented by a rotary steam engine. 

Mill creek has its origin in the Blue mountains and is subject 
to rapid fluctations. The minimum flow is 2,800 cubic feet per 
minute during extreme dry weather, but the average is consider- 
able higher. 

The water is taken from the creek at a point 5,600 feet above 
the plant, where a concrete dam is built. The water is conveyed 
to the plant through a four-foot stave pipe built of redwood, the 
actual head at the power house being 85 feet. The pipe is bur- 
ied in the ground for the entire length and has shown but little 
depreciation during a period of seven years. 

A 27-inch Morgan-Smith turbine of 450 horse-power is di- 
rectly connected at a 300 kilo-watt G. E. generator. A 400 
horse-power rotary steam engine, of the Thomas and Brumagin 
type, is belted to generator shaft, provided with a Hill clutch, 
so that the generator can be operated either by water, steam or 
both. 



The plant has been run on a 34-hDur per day service siace 
May I, 1901, and has been in coatinuous operation without a 

single shut-down or accident, 

I PROSSER FALLS, YAIOHA RIVER. 

The town of Prosscr, in the eastern part of Yakima county, 
is favorably located for the development of water-power for irri- 
gational and manufacturing purposes. Both of these have been 
attempted, but have not been carried out to the full capacity of 
the available water-power in the Yakima river. The river has a 
fall of about twenty feet at Prosser, and during the dry season 
the discharge is about 2,000 cubic feet per second, from which 
nearly 5,000 horse-power could be obtained. 

At present the Yakima Falls Roller Mills and the Prosser Ir- 
rigation Company are the only users of water-power at that 
place. The former operate a small mill, using about 50 horse- 
power, while the latter company have already taken steps for 
the utilization of most of the water, A small electric light plant 
of 30 horse-power is also in operation, but this will be sup~ 
planted by the contemplated improvements of the Prosser Falls 
Irrigation Company. 

This company has now in operation two pumps, each of 4,000 
gallons per minute, used tor irrigational purposes. Each pump 
is driven by a Victor turbine, forty-eight inches in diameter, ca- 
pable of developing 135 horse-power, and the two combined de- 
liver water through a 28-inch steel pipe, 2,900 feet in length, to 
the canal, 112 feet above the surface of the river. The irriga- 
tion canal has two branches, one three miles and the other seven 
miles long and is capable of irrigating nearly 2,000 acres. 

The company is contemplating the addition of another pump 
for the purpose of supplying the city with an adequate water- 
works system, and an electric generator to supply the town with 
light and power. There is also a scheme on foot for the con- 
struction of an electric railway from Prosser on toward Yakima, 
the power to be generated at Prosser falls. In that event it will 
be necessary to either build a dam to increase the fall, or to go 
some distance below the falls in order to obtain sufBcient head 
of water, as the present pumping station is worked at a head of 
only twelve feet. 

The prospects for an increased demand of power and water 
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at Prosser and vicinity are very favorable, a larger electric light- 
ing plant being now almost a necessity. The Prosser Falls Ir- 
rigation Company controls the entire south side of the river, on 
which the town is situated, and is prepared to install machinery 
for parties contemplating the use of power. 

CHELAN FALLS. 

One of the large and still undeveloped sources of water- 
power of the state can be found in the Chelan river, which is 
the outlet of Lake Chelan, and flows into the Columbia river. 
The river is about three and a half miles long from Lake Chelan 
to the Columbia river, the total fall being 375 feet, distributed 
through the whole distance in a series of rapids and low falls. 
About one-third of the total fall occurs within a distance of half 
a mile, where the river flows through a box canyon. It is only 
thirty or forty feet wide in places, rushing down between rocky 
walls 300 feet high. 

The clifi recedes at one point, leaving ample room for a large 
power station. In the two and a half miles from the lake to the 
canyon, the fall is quite regular, and power plants could be lo- 
cated at many places. The only existing plant at present is a 
40-barrel flour mill at Chelan falls near the mouth of the river. 

No accurate measurements of the water supply have been 
made, except those of some local parties, which show that the 
minimum flow is from 1,200 to 1,500 cubic feet per second. 

The Chelan Transportation and Smelting Company expect 
to erect an electric plant very soon, the capacity of the plant to 
be about 500 horse-power. This plant will be used for the op- 
eration of their smelter and an electric railroad from the smelter, 
situated on the Columbia river, to the lake. The company 
expects to have the cars in operation during the latter part of 
1902. The chief use of the railroad will be the transportation 
of ores from the numerous mines in the vicinity to the smelter, 
the capacity of which will be about 500 tons per day. 

There is a good opportunity for flouring mills to be operated 
by water-power, the wheat crop of the entire **Big Bend coun- 
try " being at their very doors. 

Irrigation can also be developed to a considerable extent, 
there being over 3,000 acres of land waiting for water. All that 
is required is the necessary capital for the operating plant. 
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second. The watershed which drains this lake contains no less 
than sixty square miles. By building a dam at the outlet of the 
lake, which can be done without great difficulties, the level of 
the lake might be increased four or five feet, affording an excel- 
lent means of storing water during the wet months, to be avail- 
able during the dry seasons, and amply sufficient to sustain a 
minimum flow of 150 cubic feet per second. 

With an effective fall of 200 feet a total of 2,400 net horse- 
power can be relied upon at all times, this being more than will 
be required to meet the demands for a number of years. 

At the present time the creek supplies the city of Whatcom 
with water, and is capable of furnishing a total of 25,000,000 
gallons per day. 

Various propositions for the development of this power have 
been made from time to time. Perhaps the simplest scheme 
would be to develop the power nearest the city first, which would 
furnish about 1,200 horse-power, and later, when a greater de- 
mand for power will exist, develop the rest of the falls. 

NOOKSACK FALLS. 

The Bellingham Bay & Eastern Railway, operating a steam 
railroad in the northwestern part of the state, has undertaken to 
develop the water-power of the falls of the Nooksack river. The 
falls are situated fifty-two miles, by rail, from the city of What- 
com, and fifteen miles beyond the present terminus of the road. 
Active work on the construction of a large power station has al- 
ready begun. The power-house is to be located 1,500 feet be- 
low the falls, whose vertical height is 103 feet. The intake will 
be about 250 feet above the falls, and a large tunnel is being ex- 
cavated. By so locating the power station an effective head of 
water of 1 79 feet is obtained ; this with the amount of water be- 
ing capable of developing a minimum of 10,000 horse- power. 
On account of the difficulty of handling material, three steel 
pipes, each thirty inches in diameter, will be run to the power- 
house instead of one large one ; this will also permit the opera- 
tion of a part of the plant as soon as the machinery is installed. 
All the power will be converted into electric energy. The trans- 
mission line is planned along the right-of-way of the railroad. 
The company expects to supply the Great Excelsoir Mining 
Company, located close by, as well as the rest of the mining 
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properties in the vicinity, with power. An electric railway into 
the mining districts is also to be operated from the falls, and ul- 
timately a line supplying the Bellingham bay cities with light 
and power, is to be constructed. 

TUHTATER FALLS. NEAR OLYHPIA. 
About two miles south of Olympia, at what is known as 
Tumwater, are a series of three falls in the Deschutes river, ag- 
gregating a total fall of about 78 feet. The flow of water is 
somewhat variable, being about eight times greater during Feb- 
ruary and March than in July and August. There is at present 
a power station built at that place, utilizing the water of the 
upper falls, or an efiective height of 46 feet. The construction 
of the plant is in brief as follows : From a retaining wall a tJume, 
10 feet square on the inside, has been built toward the lower 
fall. A tap, eight feet square, is taken from this to the power 
bouse and operates two pair of 25-iuch and one pair of 17-inch 
turbine wheels, capable of developing about 1,200 horse power. 
During the dry months, however, the supply of water is not 
sufficient to operate all of these at full load. The present out- 
put of the plant averages about Soo horse power, which is used 
for lighting, power and street railway purposes. 

In order to obtain the most out of the available water power 
it should be developed all at one fall and in one power house. 
By building a storage pond at the upper fall, and with proper 
allowance for low tide, an effective fall of 48 feet could be ob- 
tained. This will require a good deal of blasting of rock, es- 
pecially at the lower falls, inasmuch as the river bed is composed 
entirely of solid rock. The table below shows the discharge of 
the falls and horse power obtained at 84 feet fall. 

Cv. ft. B. p. 
MONTH. JMT tee. at 9* /I. 

January TBI G.SM 

February. 1.060 7,650 

H&rcli 1,0« 7,«0 

AprU fl«Z *.m 

Uas 416 8,000 

June 2S1 1.800 

July m 8£0 

August 1« 7« 

September U2 I.OIO 

October. 857 2,540 



During the three driest months the available power would be 
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somewhat below i,ooo horse power, but for the rest of the year 
it is safe to assume it at 3,000. Inasmuch as the lightest load 
would fall upon the plant during the summer months, the ca- 
pacity of the plant might be rated at 3,000 for the entire year by 
the addition of a small supplementary steam plant. 

The present plant is the only one operated in that vicinity, 
and has, up to this time, been able to meet all demands for 
electrical power. 

CARBON RIVER AND EVANS CREEK, FAIRFAX. 

In the vicinity of Fairfax, Pierce county, are situated several 
mines utilizing water power to a great extent, and in a way 
which might serve as a model to many mines in similar 
positions. 

The Montezuma Mining Company operates several mines and 
a lumber mill about two miles from Fairfax and utilizes the 
water power of Evans creek, a small mountain stream, to its 
full capacity. The water is brought to the entrance of the 
mines in a wooden flume 3x4 feet, where it has a vertical effec- 
tive fall of 89 feet through a penstock, operating a 350 horse- 
power turbine. A two-horse-power blower is also operated 
from this fall. The power developed is used for the operation of 
the saw-mill, a small machine-shop and the machinery in the coal- 
bunkers. A 15-horse-power dynamo furnishes electric light for 
the mine and shops. An air compressor, used to furnish power 
for the mine drills, is driven by the same turbine. The water, 
after it has left the turbine, is diverted into two shallow flumes, 
used for coal and lumber respectively. The latter are flumed 
from the bunkers and mill for a distance of three-fourths of a 
mile, where they can be loaded on railroad cars. The plant has 
been in operation for some time and been running very satisfac- 
torily ; it being unique in the way that the full amount of power 
being utilized for the operation of the most varied kinds of ma- 
chinery, electric lighting, saw-mill and coal handling and com- 
pressed air machinery, all being run from one small creek. 

The Western American Mining Company, very near Fairfax, 
has partially utilized the water-power of the Carbon river. 
Owing to the absence of any appreciable fall in this river a 
flume 8x4 feet has been built, extending up along the river for 
about one mile. A penstock, giving a vertical fall of 47 feet, is 
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built above a 300- horse -power turbine, operating a 300 kila-wati 
geuerator. This generator furnishes power for ventilating the 
mine, operating the electric locomotives, the coal bunkers, coa]- 
handlin^ machinery and machine-shop, and also lights the town 
of Fairfax and the mines proper. 

An additional installation of a z5o-horse-power turbine will 
be made shortly, although at present the water supply at its 
lowest stage is not quite sufficient to operate both turbines at 
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The Bibliography of the Literature Referring to the 
Geology of Washington was written chiefly by Mr. Ralph 
Arnold, of Stanford University. After the manuscript was re- 
ceived from Mr. Arnold, a number of references were added by 
Professor Milnor Roberts. This bibliograpy has been prepared 
with great thoroughness and care, and it is believed to be prac- 
tically complete. While many of the articles are out of print, or 
else are to be found only in the larger libraries, it will be noticed 
that the most important papers mentioned are of a late date and 
as a rule easily procured. Professor Roberts has prepared brief 
notes upon some of the articles, stating the substance of their 
contents, where they may be secured, cost, etc. It is hoped that 
this bibliography of Washington geology, the first to be prepared, 
may be found useful to all students of the subject. 



t 

I 

• I 
I ■■ 

; I 
' f 

i' 
;s 

If* 
'J 

i 

n 



BmUOGRAPHY OF THE LITERATURE REFERRING 
TO THE GEOLOGY OF WASHINGTON. 



BY RALPH ARNOLD. 



[NoT>.— In addlUoii to the following articles, references to the geology of Wash* 
ington may be found in the reports of the United States Geological Surrey relating to 
mineral resources and economic geology, and also in the reports of the Canadian Geo- 
logical Surrey.] 
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e bad Free b; appIyloB to tha Secraurj ot State, 

Lanq. Herbert. 
1888.— Transcontinental railroads. 
Science, Vol. XI, 1888, pp. 73-74. New York. 

Lawson, Andrew C. 
1894.— Note on tbe Chehalis sandstone. 
Am. Geol., Vol. XIII, pp. 430^37. Minneapolis. 
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LeConte, Joseph. 

1872. — A theory of the formation of the great features of the earth's 
surface. 

Am. Jour. Scl. (3rd series), Vol. IV, 1872, pp. 460-472. New Haven. 

1874. — Great lava flood of the West and age of ithe Cascade moun- 
tains. 

Am. Jour. Sci. (3rd series). Vol. VII, 1874, pp. 168-180, 26d-267. New 
Haven. 

1875. — On the great lava flood of the West; and on the structure 
and age of the Cascade mountains. 

Proc. Cal. Acad. Scl., Vol. V, 1875, pp. 214-220, plate. San Francisco. 

1891. — Submarine channels of Washington. 

Bull. Geol. Soc. Am., Vol. U, 1891, p. 324. Rochester, N. Y. 

Lesquereux, Leo. 

1859. — Species of fossil plants from Belllngham bay, etc. 
Am. Jour. Scl. (2nd series), Vol. XXVII, 1859, pp. 860-363. New 
Haven. 

1874.— The llgnltlc formation and Its fossil flora. 

Seventh Annual Report, U. S. Geological and Geographical Survey 
of the Territories, embracing Colorado, pp. 866-425. Washington, D. C, 
1874. 

Lewis, Wm., and Clabkb, M. 

1814. — History of the expedition under the command of Lewis and 
Clarke to the sources of the Missouri, thence across the Rocky moun- 
tains and down the Columbia, performed during the years 1804-1806, by 
order of the Government of the United States. Vol. I, XXVIH, 470 
pages, maps ; Vol. II, IX, 522 pages, map. Paul Allen, Philadelphia, 
1814. 

Macfarlane, James. 

1877. — Coal regions of America, their topography, geology and de- 
velopment, XVI, 676 pages, 25 maps. New York, 1878 ; 2nd edition. New 
York ; 8rd edition, XVI, 700 pages, maps, plates. New York, 1877. 

Maroou, Jules. 

1853. — Geological map of the United States and British Provinces 
of North America (with explanatory text and geological sections, 92 
pages, 8 plates). Boston, 1853. 

1855. — Ueber die Geologic der Verelnlgten Staaten und der engllsh- 
chen Provinzen von Nord Amerika. 

Petermann's Mitt., Vol. I, pp. 149-159, 1855. 

1858. — Geology of North America, with two reports on the prairies 
of Arkansas and Texas, the Rocky mountains of New Mexico, and the 
Sierra Nevada of California, originally made by the United States Gov- 
ernment, 144 pages, 7 plates, 3 maps. Zurich, 1858. 
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1SS4. — Reguoie eiplicatlF d'uae carte i^ologlque des Etats-nnie et 
dea provinces aaelalsea de I'Amcrique du Nord. etc. Societe Geolog'ique 
Prance, Bull. (2nd Beries). Vol. 12, pp. 813-936, map and plates. Paria, 
1S54, 

MakOOD, J0I.ES, AND MAKCOD, JOHN B. 

ISSS. — ?dapot«ca Geologioa Amarican^ & catalogue of geological 
maps of America {North and South), 1TG2-183I, in geographic and 
chronologic order. 

Bulletin 7, D. S, Gaol. Survey. Vol. II. pp. 1-184, Waahington, I88S. 
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MAK8H. O. C. 
ISTfi. — Lake baiina o! the Rorilcj Mountain Region, etc. 
Am. Jour. Soi. (3rd series), Vol. IX, 1875, pp. 49-62. New Haven. 

Matzoek, Wm. O. 
1877.— PobbSI elephant in Waahington Territory. 
Am. Jour. Scl.. Vol. CXIII, 1877, p. 157. New Haven. 

McGee, W. J. 



1885.— Map of the United Stales exhibiting the present status of 
knowledge relating to the areal distribution ot geologic groups (prelim- 
inary compilation), 17i x 28 inches. 

Fifth Annual Report D. S. Geol. Survey, 1883-1884; in pocket, and 
explanation on pp. 34-38. Washington, D. C, 1885. 

Meek, F. B. 

1857. — On cretaceous fossils from Vancouver and Sucia islands. 

Trans. Albany Inst., Vol. IV, 1867, pp. 37-39. Albany. 

1861.— Descriptions of new cretaceous fossils from Vancouver and 
Sucia islands. 

Proc. Acad. Nat. Sci. Phila., Vol. XIII, 1861, pp. 814-818. Phila- 
delphia. 

1876.^Descriptions and illustrations of fossils from Vanooiiver and 
Sucia islands, and other northwestern localities. 

Bull. U. S, Geol. Survey Territories. Vol. 11, 1876, pp. 851-874. 
Washington, D. C, 1876. 

Merrill, G. P. 

1891. — Stones for building and decoration, 453 pE^es. New York, 
1891. 

Newberry, J. S. 

1857.— Coal of Bellingbam bay. 

Pacific R. R. Reports, Vol. VI, 1857, Part II, pp. 53-88. Waahlnfj- 
ton, D. C, 1857. 

1863. — Description of fossil plants from Orcas island, Bellingham 
bay, etc. 

Boat. Jour. Nat. Hist., Vol. VII, 1863, pp. 506-524. Boston. 
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1886. — Notes on the surface geology of the country bordering the 
Northern Pacific Railroad. 

Am. Jour. Sci. (3d series), Vol. XXX, 1886, pp. 887-346. New Haven. 

1886. — ^The eroding power of ice. 

Proc. Am. Asso. Adv. Sci., Vol. XXXII, pp. 200-201. Salem, Mass., 
1885. 

1886. — Notes on the geology and botany of the country bordering 
the Northern Pacific Railroad. 

Annals N. Y. Acad. Sci., Vol. Ill, 1884, pp. 242-270. New York, 
1886. 

Oebbeke, K. 

1885. — Ueber dasGrestein vom Tacoma-Berg, Washington Territory. 
Neues Jahrbuch, 1885, Vol. I, pp. 222-226. Stuttgart. 

Packard, A. S., Jr. 

1877. — Glacial marks on the Pacific and Atlantic coasts compared. 
Am. Nat., Vol XI, 1877, pp. 674-680. Philadelphia. 

Peale, A. C. 

1886. — Mineral springs of the United States. 

Bull. 32, U. S. Geol. Survey. Washington, D. C, 1886. 

PL.UMMER, Fred G. 

1893. — A diagonal moraine (on Mt. St. Helens). 
Am. Geol., Vol. XII, 1893, pp. 231-232. Minneapolis. 

Richardson, James. 

1878. — Report on coal fields of Vancouver and adjacent islands of 
British Columbia, with geological map. 

Report, Geological Survey Canada, 1876-1877, pp. 160-192. Mon- 
treal, 1878. 

RiCKSECKER, Eugene. 

1892.— First Annual Report of the Mining Bureau of the State of 
Washington, 46 pages, 5 maps (in pocket), Olympia, 1892. 

RiCHTHOFEN, P. BaRON. 

1868. — ^The natural system of volcanic rocks. 

Memoirs Cal. Acad. Sci., Vol. I, Part II, 1868. San Francisco. 

Rogers, G. O. 

1893. — Drift Mounds near Olympia, Washington. 

Am. Geol., Vol. XI, 1893, No. 6, pp. 393-399. Minneapolis. 

Ruffner, W. H. 

1889. — A report on Washington Territory. 
Geology, pp. 90-170. New York, 1889. 
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m RCSSELL, I. C. 

B 18B5.— EsietlnfT gUclers of the United Statea. 

Fifth Ann. Report U. S. Geol. Survey, 1883-1884. pp, 303-355. 

Waeblngton. 1885, 

Tills paper deacrlbee nil Ihe Klacleni dlsooTered in tbe tToiied St.al«s to iJate. In- 
Oludlug many Is WaBbinKtoii (Pp, SH-MH). 

1893. — A geological reconnoisBance in central Waahington. 

Bull. 108, D. S. Geol. Survey. WaahlngtOQ, D. C, 1893. 

Tbla reconnolssance was made in ordec V) learn tho probobilitlea ol oblainlng ar- 
teslKD water In tbe regloii ot the Oreat Plain at tbe Colombia. Kittitas. Yakima and 
Douglas oounttes. Speolal chapters are devotod to the geoloei', eaograpbf and topog- 
rapby ol tbe resloiii " Qoneral principles pertaining to artP«Un water," aad analysaa of 
id tbere. For copies apply to tbe Director, n. S. GeoL Snrver. Waahlagum. 
D, C. PMCB, ISoeotB. 

1895.— Lakes of North America. 

Pp. 65-69, Ginn & Co. Boston, 1895. 

1397. — Priaoipal features oF the geology of aoutheaaterD WashiDgton. 

Mining, Vol. Ill, June, 1897, pp. 163-166. Spokane. 

1897. — A reconDolsBanca in aoutheaetern Waahington. 

Water Supply and Irrigation Paper, No. 4, U. S, Geol. Survey, 189T. 
Washington, D. C. 

A oontlnuatloD of tbe paper b; the same outbor publiabed la lS9a, In Bulletin 108. 
V. B, Geol. Surrey. The region under diacussion includes WalU Walla, Columbia, Ou- 
field and ABotln ooaaties. For caplea apply to tbo Dlreotor, U. S. Qeol. Surrey, Wasb- 
Ington. D. C. Priae, 16 oenta, 

1897. — Volcanoes of North America. 
The Macmillan Co. New York, 1897. 



1897. — Glaciers In North America. 
Boston, 1897. 

Tbe slaclen of Mts. Rainier, St. Helens and Baker are brleOy deaorlbed and fig- 
ured, {Pp. M-70). 

1898,— Glaciers ot Mount Rainier. 

Eighteenth Ana. Rep. U. S. Geol. Survey, 1896-1897. Part II, pp. 
356-416. Waahington, D. C, 1898. 

A YOry full deacriptlou ot tbe glaciers ot Mt. Bainter. along with aooousts of all 
siploratlODS made on tbe mountain to date, reports od tbe geology, phyalogTaplij, etc., 
bandsomaly iUuBtrated. 

1898. — Topographic features due to laodalideB. 
Pop. Sci. Mo., Vol. LIII, pp. 480-489, 3 flga. 
1898.— Rivera of North America. 
Putnam's Sons. New York, 1898. 

189S.^The great terrace of the Columbia and other topographic 
featurea in the neighborhood of Lake Chelan, Washington- 
Am. Geol., Vol. XXII, Dec 1898, pp. 362-369. Minneapolis. 
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1900. — A preliminary paper on the geology of the Cascade moun- 
tains in Northern Washington. 

Twentieth Ann. Hep. U. S. Geol. Survey, 189&-1899, part 2, pp. 83- 
210, plates VIII-XX. Washington, D. C, 1900. 

1901. — Geology and water resources of Nez Perce county, Idaho. 

Water Supply and Irrigation Papers of the U. S. Greol. Survey. 

No. 68. Part I, 86 pp., 10 pi., 4 fig. 

No. 64. Part II, 141 pp., 9 fig. 

Single copies may be had on application to congressmen or to the Director, U. S. 
GtooL Survey, Washinerton, D. C. 

ScHNEiDBR, Edward A. 

1888. — An analysis of a soil from Washington Territory and some 
remarks on the utility of soil analysis. 

Am. Jour. Sci. (8rd series), Vol XXXVI, 1888, pp. 286-247. New 
Haven. 

Sealer, N. S. 

1893.— The geological history of harbors. 

Thirteenth Ann. Rep. U. S. GeoL Survey, 1891-1892, Part II, pp. 
99-206. Washington, D. C, 1898. 

Shumard, B. F. 

1858. — Descriptions of new fossils from the Tertiary formations of 
Oregon and Washington Territories and the Cretaceous of Vancouver's 
Island. 

Trans. St. Louis Acad. Sci., Vol. 1, 1868, pp. 120-126. St. Louis. 

Smith, Geo. Otis. 

1898.— Rocks of Mount Rainier. 

Eighteenth Ann. Rep. U. S. Geol. Survey, 1896-1897, Part II, pp. 
416-423. Washington, D. C, 1898. 

1901. — Geology and water resources of a portion of Yakima county, 
Washington. Water Supply and Irrigation Papers of the U. S. Greol. 
Survey, No. 65. Washington, 1901. 

Smith, W. Hampton. 

1893. — Ancient glacial moraine and drift at the mouth of the Col- 
umhia River. 

Sci. Amer. Supplement, Vol. XXXVI, p. 14668. 

Spurr, J. E. 

1900. — Ore deposits at Monte Cristo, Washington. 
( Abstract). Science (new series). Vol. XII, Dec., 1900, pp. 884-885. 
New York. 
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Stanton, T. W. 
1696, — CoQtributioDB to the Cretaceous pnlaaonloIoKf of the Pacific 
Coast ; the fauna of the KDorvllle beds. Bull. 133, U. S. Geol. Survey, 
pp. 132, 20 pi., 1896. 

1896. — The fauna) relatloaa of the Eoceae and Upper Cretaceous on 
the pEMlfic Coast. 

Seveateenth Ann. Rep. U. S. Geol. Survey, Part I. pp. 1011-1048, 
pi. LXVII. 1896. 

Stgrnbbso, CaAS. E. 

1881. — The Quarteroary of Waehington Territory. 

EaDBftB City Review. Vol. IV, 1881. pp. e01-«02. Kansas City. 

Stevens, Gen. Hazard. 
1ST6.— Accent of Mount Tacoma. 
AtlMtlo Monthly, Vol. XXXVIII, 1876, p. 513. 

Stevenson. John J. 
1876. — On the geological relations of tho Lignitic groups of the far 

Proo. Am. Phil. Boc, Vol. XIV, 1876, pp. 447-475. Philadelphia. 

Sthetoh, R. H. 
1B93.— Tho Monte Crlsto Mining district, Washington. 
Eng. and MIo. Jour., Vol. LV. p. 343. New Yorl<, 1893. 

Symons, T. W. 
1882. — Report of an ezaminatioD of the upper Columbia river. 
Senate Ex. Doc., No. 186, 47th Congreas, Ist Seaaion. 1882. Wash- 
in gton, D. C. 

Upham, Warren. 

). 266. Rochester. 
Vancouver, Capt. Geo. 
1601. — A voyage of discovery to the North Pacific Ocean and round 
the world. 

Vol. II, pp. 73-79. London, 1801. 

Walcott, C. D. (Director U. S. Geol. Survey). 

Topographic map of Washington, the following quadrangles being 
completed : 

i897. — Portland, Seattle, 

18B8.— Mount Stuart. 

1900.— Tacoma. 

1901.— Chelan, Ellensburg, Glacier Peak, Methow, Spokane, Stila- 
(tuamiah. 
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White, C. A. 

1885. — On marine Eocene, freshwater Miocene and other fossil 
mollusca of western North America. 

Bull. 18, U. S. Geol. Survey. Washington, D. C, 1886. 

1888. — On the Pu^et group of Washington Territory. 
Am. Jour. Sci. (3rd series), Vol. XXXVI, 1888, pp. 443-460. New 
Haven. 

1889. — On invertebrate fossils from the Pacific Ck>ast. 
Bull. 61, U. S. Geol. Survey. Washington, D. C, 1889. 

1891. — Correlation papers. The Cretaceous. 

Bull. 82, U. S. Geol. Survey. Washington, D. C, 1891. 

Whitney, J. D. 

1869. — On divisions of the Cretaceous. 

Geological Survey California, palaeontology. Vol. II, pp. 7-14. 
Philadelphia, 1869. Abstracts, Am. Jour. Sci. (2nd series); Vol. 
XLVIII, pp. 133-136; Science, Vol. Ill, pp. 611-612. 

Whitworth, G. F. 

1881. — Coal mines of western Washington. 

Resources of Oregon and Washington. Portland, Ore., Dec. 1881. 

Willis, Bailey. 

1883. — Canyons and Glaciers — A journey to the ice fields of Mount 
Tacoma. 

The Northwest, Vol. I, p. 2. April, 1883. 

1886.— Report on the coal fields of Washington Territory. 
Tenth Census of the United States, Vol. XV, 1884-1885, pp. 769-771. 
Washington, D. C, 1886. ^ 

1887 . — Changes in river courses in Washington Territory due to 
crlaciation. 

Bull. 40, U. S. Geol. Survey. Washington, D. C, 1887. 

1887.— Absence of sierra structure in northern Washington Terri- 
tory. 

Bull. Washington Phil. Soc., Vol. IX, p. 8. Washington, D. C, 
1887. 

1888. — Mount Rainier and its glaciers. 

Bull. Washington Phil. Soc, Vol. X, 1888, p. 10. Washington, D. C, 

1888. 

1890.— Washington. 

Macfarlane's Geol. R. R. Guide ( 2nd edition ), pp. 264-266. New 
York, 1890. 

1891. — Graphic field notes for areal geology. 

Bull. Geol. Soc. Am., Vol. II, 1891, pp. 177-188, plate VI. Rochester. 
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(.— Notes on geology of Wsehlngtoti in Director's Report. 
euteonlh Aon. Rep. U. 8. Geol. Survey, 169&-1896, Part I, pp. 
WashiDgton, D. C, 1896. 
1897.— Freiimiaary note on the Pleiatocene history of Puget Sound. 
Jour. Geol., Vol. V, 1897, pp. 99-100. Chicago. 

Some coal fields or Puget Sound. 
Eighteenth Ann. Rep. U. S. Geol Surrey, 1896-1B97, Part III, pp. 
303-^37. platea Lll to LXVIII. Wwhington, D. C, 1898. 

The laWal repon onil fnlleal dlscuaslon yet written o( dleooT(Tlo» rBUlInR to liio 
atraligraphy. palBonlology, and aoonomlo gHiIag; of the ooal Bolda ol Paget Soand. 

1898, — Drift phenomena of Paget Sound. 

Boll. Geo!. Soc Am., Vol. IX, 1888, pp. 112-162, platea VI-X. 
Rochester. 

ISUS. — Stratigraphy and construction of the Puget Sound g^roup, 

'ftebingtoD. 
Bull. Geol. Soc. Am., Vol. IX, 1898, pp. S-fl. Rochester. 
ItKW.— Notes on Lake Chelan and vicinity. 

(Abstract). Science (new seriea). Vol. XII, Deo. 17, 1900, p. 881. 
New York. 

Willis, Bailey, and Smith, GEa Ons, 
1899.— Tacoma Folio, No. 54, Geologic Atlas of the United States. 
Washington, D. C, 1899. 

CoDUkjiu B written dswrlptlon ot Uie geology and topogrspby of SI3 square miles 
DelgbbOrhMid of ToMOnB. SepBrkts maps ahaw Ibe topq^raphy (aoatoar Interrsl 



Wteet), blgtoHoBl geology, cool dlslHcta and Dfllumnar eeoUoos Mlbe region, the wholi 
(ornilnif an eictllent educational Btuity. Apply w the Director, U. S 
WMtiiatsUia, U. C. Prtee ^ oenH. 

1900.— The Clealum iron ores, Washington, 
Trans. Am. Inst. Mln. Eng,, Vol. XXXI, F^h., 1900. 

WOODHOOBE, C. C, JB. 
1896.— Coal Belde of Washington. 
Mining, Vol. I, Feb. 1896, pp. 67-71. Spokane. 

Wkiqht, G. Frederick. 
1887.— Notes on the glaciation of the Paotfio Coast. 
Am. Nat., Vol. XXI, 1887, pp. 260-266. Philadelphia. 
1889.— The ice age in North America. 
AppleUm & Co., New York, 1889. 
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